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M Burress |
(Plant Manager, Smokey Mountain Smelters)

Letter to Knox County Air Pollution Control "

Burress, J. 1994. (Plant Manager, Smokey Mountain Smelters). Letter to D.
Henshaw (Knox County Air Pollution Control), RE: operations, May 3.
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MAY 3, 1994

DAVID HENSHAW

KNOX COUNTY ATIR POLLUTION CONTROL
400 MAIN STREET

ROOM 339

CITY-COUNTY BUILDING

KNOXVILLE, TN 37902-2405

DEAR MR. HENSHAY,

I HAVE APPOINTED ALLEN WRIGHT TO BE MODERATOR OF OUR ACTIVITY
AT SMOKEY MOUNTAIN SMELTERS EVERYNIGHT FROM 8:00 P.M. TO 2:00
A.M, FOR THE NEXT 2 WEEKS.

ALLEN IS INSTRUCTED TO KEEP A LOG ON THE TIME, DATE AND ANY

EVENT THAT MAY ARISE. ALLEN WILL DRIVE OVER TO DAYLILY DRIVE
AT LEAST TWICE EACH NIGHT. ALLEN IS INSTRUCTED TO CALL ME AT
ANY TIME THERE IS A PROBLEM. '

I HAVE CONTACTED HOWARD CONSTRUCTION ABOUT LEVELING THIS AREA
AND COVERING WITH RED CLAY. MR. RAY HOWARD SAID THAT HE COULD
BE HERE WEDNESDAY MAY 5, 1994 IF IT DOES NOT RAIN TO HARD.

WE HAVE 2000 LBS. OF LIME COMING TO COVER WHERE WE ARE REMOVING
SLAG, THE LIME WILL BE APPLIED AFTER LEVELING AND BEFORE COVER-
ING WITH RED CLAY.

WE HOPE TO COMPLETE THIS BEFORE FRIDAY MAY 6, 1994.

SINCERELY,

JAMES BURRESS
PLANT MANAGER
SMOKEY MOUNTAIN SMELTERS, INC.

JB/tdk

P.O. BOX 2704 « KNOXVILLE, TENNESSEE 37901 » PHONE: (615) 573-4473 ¢ FAX: 573-9546




" DSWM “ Geologic Evaluation of Proposed
Industrial Storage Yard and Landfill” "

Crabtree, J. 1983. (TDEC/Division of Solid Waste Management). Letter to D.
Johnson (Smokey Mountain Smelters), RE: Geologic Evaluation of Proposed
Industrial Storage Yard and Landfill, November 18.
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STATE OF TENNESSEE

DEPARTMENT OF HEALTH AND ENVIRONMENT

EAST TENNESSEE REGIONAL OFFICE
ALEX B. SHIPLEY REGIONAL HEALTH CENTER
1522 CHEROKEE TRAIL
KNOXVILLE, TENNESSEE 37920

November 18, 1983

Mr. Dan Johnson, President
.Smokey Mountain Smelter, Inc.
1455 Maryville Pike-
Knoxville, TN 37920

Dear Mr. Johnson:

At your request a geologic evaluation of a proposed industrial storage yard
and landfill has been completed by the Division of Solid Waste Management.
The site consists of approximately three acres and is located about three
miles south from the center of Knoxville and is on the east side of Maryville
Pike (see attached topographic map). The geologic evaluation was
conducted by Mr. Glenn Pruitt, staff geologist of the Division of Solid Waste
Management, and a copy of Mr. Pruitt's report is enclosed for your
information. : '

Based on the enclosed geologic evaluation, the Division of Solid Waste
Management has concluded that this site is unsuitable for use as an
industrial landfill.  Furthermore, the site, without adequate weather
protection, is not suitable for storage of industrial materials which have a
potential for leaching into the soils of this site. The primary factor in
determining the unsuitability of this site for use as a landfill was the
insufficient soil development to allow for effectual sorptive buffer above
bedrock and/or groundwater.' Any leachate occurring here is likely to
percolate more or less directly to bedrock, and while some contamination of
groundwater would be almost a certainty, there is the imminent probability
of lateral seepage and the eventual pollution of surface water.

In the event that Smokey Mountain Smelter, Inc., plans to use this site to
continue storing the aluminum dross from the smeltering operation, plans
should be made to provide a method of protecting these materials from the
weather.  Otherwise this office recommends storage of the industrial
materials af this location cease immediately and the materials presently on
site should be relocated to an area where leaching will not potentially




Mr. Dan Johnson, President
Page 2 '
November 18, 1983

contaminate the surface and our groundwater of the area. Should you have
questions relative to the enclosed geologic report, or if we may be of
further assistance, do not hesitate to call.

Sincerely,

g@p fophliat.
ack P. Crabtree

Environmental Consultant
Division of Solid Waste Management

JPC:pjm E/4
Enclosure: Report of Geologic Investigation
cc:  Knox Cdum‘y Health Department
Water Management Division - Regional Office

East Tennessee Regional Health Office
Nashville Office - DSWM



" Complaint "

Duncan, J. 1983. (Congress of the United States). Letter to J. Lovett (Director of
Knox County Department of Air Pollution Control), RE: Complaint, July 27.

SMOKEY MOUNTAIN SMELTERS
KNOXVILLE, . TENNESSEE 37920
U.S. EPA # TN0002318277

TSDE #47-559




"JOHN J. DUNCAN - - ' . : coMmTEE:
20 DISTRICT, TENNESSEE ' : WAYS AND MEANS

2488 RAYBURN HOUSE OFFICE BUILDING SUBCOMMITTEES:

Congress of the Wnited States B

o ouse of Representatives JOINT CommTrEE O
) . TAXATION

McMINN

e Washington, BD.E. 20515

July 27, 1983

Mr. James Lovett

Director

Air Pollution Control Office “
City/County Building

Suite L 222

400 Main Avenue

Knoxville, Tennessee 37902

Dear Mr. Lovett:

I am attaching hereto a letter I have received from Mrs.
Rosalie Taylor and Mrs. Haskell Brown, members of my constituency.

It would be greatly appreciated if you could investigate the al-
legations contained in their correspondence and furnish me with

a reply suitable for forwarding to these ladies.

I thank you for your courtesy in this matter.

Very truly yours,

DUNCAN
r of Congress

JJD:ba

Enclosure
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" Flood Insurance Rate Map "

FEMA. 1983. Flood Insurance Rate Map. Knox County, Tennessee (Unincorporated
Areas), Federal Emergency Management Agency. Community-Panel Number
475433 0190 B, Panel 190 of 235. May 16.
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KNOXVILLE, TENNESSEE 37920

U.S5. EPA # TNO002318277
TSDE #47-559
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" Chemical Dictionary Terms "

Hawley, G. 1981. The Condensed Chemical Dictionary, Tenth Edition. New
York:Van Nostrand Reinhold Company, Inc. pgs. 41,288, 394, 622-3, and
927. _ '
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_MELBOUHNE

CINCINNATI  ATLANTA  DALLAS  SAN FRANCISCO
TORONTO

TENTH EDITION
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Dictionary
Revised by
GESSNER G. HAWLEY
VAN NOSTRAND REINHOLD COMPANY

NEW YORK
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preparations. Also used for water purification and
treatment of sewage and plant effluent.

aluminum diacetate. See aluminum acetate.

aluminum diethyl monochloride. See diethylalu-
minum chloride.

aluminum diformate (aluminum formate, basic)
Al(OH)(CHO;),- H:0.

Properties: White or gray powder. Soluble in water.
Low toxicity.

Derivation: Aluminum hydroxide is dissolved in
formic acid and spray-dried. Solutions are also
prepared by treating aluminum sulfate with formic
acid, followed by lime.

Grades: Technical solutions (12-20°Bé),

Containers: Carboys, carlots.

Uses: Waterproofing; mordanting; antiperspirants;
tanning leather; improving wet strength of paper.

aluminum distearate Al(OH)(CiaH1502)..
Properties: White powder; m.p. 145°C; sp. gr. 1.009.
Insoluble in water, alcohol, ether, Forms gel with
aliphatic and aromatic hydrocarbons. Low toxicity.
Uses: Thickener in paints, inks, and greases; water
repellent; lubricant in plastics and cordage; in cement
production. ’

aluminum ethylate (aluminum ethoxide)

Al(OCzﬂs)J. :

Properties: Colorless liquid which gradually solid
ifies; b.p. 200°C (6 mm); m.p. 140°C. Partially
soluble in high-boiling organic solvents.

Derivation: Reaction of aluminum with ethyl alcohol,
catalyzed by iodine and HgCl;

Hazard: Strong irritant to eyes and skin,

Uses: Reducing agent for aldehydes and ketones;
polymerization catalyst.

2luminum ethylhexoate (aluminum octoate). A
metallic salt of 2-ethylhexoic acid, used as a gelling

agent for liquid hydrocarbons used as paint
additives.

aluminum fluoride, anhydrous  AlF;.
Properties: White crystals. Sublimes about 1260°C
without melting; sp. gr. 2.882. Slightly soluble in
water; insoluble in most organic solvents.
Derivation: (1) Action of hydrogen fluoride gas on
alumina trihydrate; (2) reaction of hydrofluoric acid
on a suspension of aluminum trihydrate, followed
by calcining the hydrate formed: (3) reaction of
fluosilicic acid on aluminum hydrate.
Grades: Technical
Containers: Multiwall paper sacks: fiber drums.
azard: Moderately toxic; strong irritant to tissue.
Tolerance (as F): 2.5 mg per cubic meter of air.
ses: Production of aluminum to lower the melting
P01n§ and increase the conductivity of the electrolyte;
UX In ceramic glazes and enamels; manufacture of
aluminum silicate; catalyst.

41 ALUMINUM HYDROXIDE GEL

aluminum fluoride hydrate AlF;- 33H,O.

Properties: White crystalline powder. Slightly soluble
in water. )

Derivation: Action of hydrofluoric acid on alumina
trihydrate and subsequent recovery by crystal-
lization.

Grades: Technical; C.P.

Containers: Bags; drums.

Hazard: Moderately toxic.

Uses: Ceramics (production of white enamel).

aluminum fluosilicate (aluminum silicofluoride)
Al (SiFq)s.
Properties: White powder. Slightly soluble in cold
water; readily soluble in hot water.
Grades: Technical,
Hazard: Moderately toxic.
Uses: Artificial gems, enamels, glass.

aluminum formate. See aluminum triformate, and
aluminum diformate.

aluminum formate, basic. See aluminum diformate.

aluminum formate, normal. See aluminum trifor-
mate.

aluminum formoacetate .
Al(OH)(OOCH)(OOCCH:;). White powder; soluble
in water and alcohol; used in textile water repellents.

aluminum hydrate. See alumina trihydrate,

aluminum hydride AlH;.

Properties: White to gray powder; decomp. 160°C
(100°C if catalyzed). Evolves hydrogen on contact
with water.

Hazard: Dangerous fire and explosion risk.

Uses: Electroless coatings on plastics, textiles, fibers,
other metals; polymerization catalyst; reducing
agent.

Shipping regulations: (Rail, Air) Flammable Solid
and Dangerous When Wet labels. Not acceptable
passenger.

aluminum hydroxide. See alumina trihydrate.

aluminum hydroxide gel (hydrous aluminum oxide;
alumina gel) ALO;- xHO.

Properties: White, gelatinous precipitate. Constants
variable with the composition; sp. gr. about 2.4.
Insoluble in water and alcohol; soluble in acid and
alkali. Nontoxic; noncombustible.

Derivation: By treating a solution of aluminum
sulfate or chloride with caustic soda, sodium car-
bonate or ammonia; by precipitation from sodium
aluminate solution by seeding or acidifying (carbon
dioxide is commonly used).

Grades: Technical; C.P.; U.S.P. (containing 4%
AL Oy); N.F. (dried, containing 50% Al;0s).

Containers: Fiber drums.

Uses: Dyeing mordant; water purification; water-
proofing fabrics; manufacture of lakes; filtering
medium; chemicals (aluminum salts); lubricating |
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Shipping regulations: (Rail, Air) Flammable Liquid
label and Poison label. (Air) Not acceptable passen-
ger (IATA).

crotonic acid (2-butenoic acid; beta-methacrylic
acid) CH;CH:CHCOOH. Exists in cis and trans
isomeric forms, the latter being the stable isomer
used commercially. The cis form melts at 15°C and
is sometimes called isocrotonic acid.

Properties: White crystalline solid; sp. gr. 0.9730;
m.p. 72°C; b.p. 185°C; soluble in water, ethanol,
toluene, acetone. Flash point 190°F (87.7°C)
(C.0.C.). Combustible.

Derivation: Oxidation of crotonaldehyde.

Grade: 97%.

Containers: Glass bottles; fiber drums.

Hazard: Strong irritant to tissue. :

Uses: Synthesis of resins, polymers, plasticizers,
drugs.

Shipping regulations: (Rail, Air) Corrosive label.

crotonic aldehyde. See crotonaldehyde.

croton oil (tiglium oil).

Properties: Brownish-yellow liquid. Sp. gr. 0.935-
0.950 (25°C); refractive index (n 40/ D)1.470-1.473.
Soluble in ether, chloroform and fixed or volatile
oils; slightly soluble in alcohol.

Chief constituents: Glycerides of stearic, palmitic,
myristic, lauric and oleic acids and croton resin, a
vesicant.

Derivation: By expression from the seeds of Croton
tiglium.

Hazard: Toxic; strong skin irritant; ingestion of
small amounts may be fatal.

Use: Medicine (counterirritant, cathartic).

crotonolic acid. See tiglic acid.

crotonylene (2-butyne; dimethylacetylene)
CH;C:CCH..
Properties: Liquid; b.p. 27°C.
Hazard: Flammable, dangerous fire risk. Moderate
explosion hazard.
Shipping regulations: (Rail, Air) Flammable Liquid
label.

crotyl alcohol (2-buten-I-ol, 3-methylallyl alcohol)
CH3;CH:CHCHOH. .
Properties: Clear, stable liquid; sp. gr. 0.8550 (20/
20°C); boiling range 121-126°C; flash point (TOC)
113°F (45°C). Partially soluble in water (17%),
wholly soluble in alcohol and ether. Combustible.
Hazard: Toxic by ingestion. Strong eye and skin irri-
tant. Moderate fire risk.

Uses: Chemical intermediate; source of monomers; .

herbicide and soil fumigant.

crown filler. A mineral filler, usually calcium sulfate
or carbonate or a mixture thereof used in paper
manufacture.

crown glass. See glass, optical.

crucible. (1) A cone-shaped container having a
curved base and made of a refractory material; used

for laboratory calcination and combustion. Some
types are equipped with a cover. A Gooch crucible
has openings in its base to permit filtration with
suction; named after its inventor, an American
chemist. (2) In the steel industry a special type of
furnace provided with a cavity for collecting the
molten metal.

crusher, gyratory. See gyratory crusher.

cryochemistry. That branch of chemistry devoted to
the study of reactions occurring at extremely low
temperatures (—200°C and lower). It permits syn-
thesis of compounds that are too unstable or too
reactive to exist at normal temperatures.

cryogenics. Study of the behavior of matter at tem-
peratures below —200°C. The use of the liquefied
gases, oxygen, nitrogen and hydrogen at about
—260°C is standard industrial practice. Examples:
Use of liquid nitrogen for quick-freezing of foods,
and of liquid oxygen in steel production. Some elec-
tronic devices and specialized instruments, such as
the cryogenic gyro, operate at liquid helium temper--
atures (about 4°K). Many lasers and computer cir-
cuits require low temperatures. See also supercon-
ductivity.

cryolite (Greenland spar, icetone) Na;AlFg. A nat-

, ural fluoride of sodium and aluminum, or made
synthetically from fluorspar, sulfuric acid, hydrated
alumina and sodium carbonate.

Properties: Colorless to white; sometimes red, brown
or black; luster vitreous to greasy; hardness 2.5; sp.
gr. 2.95-3.0. Refractive index 1.338; m.p. 1000°C;
soluble in concentrated sulfuric acid and in fused
aluminum and ferric salts.

Occurrence: Greenland (only commercial source);
Colorado; U.S.S.R.

Derivation: Synthetic product is made by fusing
sodium fluoride and aluminum fluoride.

Uses: Electrolyte in the reduction of alumina to alu-
minum; ceramics; insecticide; binder for abrasives;
electric insulation; explosives; polishes.

“Cryovac.””'' Trademark for a light, shrink-film,

transparent packaging material based on polyvinyl-
idene chloride. Used especially for meats and other
perishables.

cryptocyanine (1,1’ - diethyl - 4,4’ - carbocyanine io-
dnde) Cst:sNzI.
Properties: Solid; m.p. 250.5-253°C.
Use: Organic dye solution used as a chemical shutter
in laser operation.
See also cyanine dye.

cryptoxanthin (provitamin A; hydroxy-beta-caro-
tene) CsoHssO. A carotenoid pigment with vitamin
A activity.

Properties: Garnet-red prisms with metallic luster;
m.p. 170°C; soluble in chloroform, benzene, and
pyridine; slightly soluble in alcohol and methanol.

Occurrence: In many plants, egg yolk, butter, blood
serum. Can be made synthetically.

Uses: Nutrition; medicine.




DRESINOL

“Dresinol.”**® Trademark for 40 to 45% solids disper-  drilling fluid (drilling mud). A suspension of barytes

sions of rosins, modified rosins, or ester resins using
aqueous ammonia as a dispersant plus a protective
colloid stabilizing agent.

“Drewmulse.”*** Trademark for a series of glycerol

and glycol esters and sorbitan and polyoxyethylene
sorbitan esters of fatty acids. Used as emulsifiers and
opacifiers.

“Driacin.”*'® Trademark for an ash-free organic salt

of a hydrophobic, film-forming corrosion inhibitor.

Uses: Sludge-dispersant additive for extending the
storage life of cracked fuel oil and preventing filter
or burner tip clogging; ingredient in rust-preventive
formulations such as slushing oils.

“Dri-Clor.”** Trademark for a powdered laundry
bleach with not less than 38% available chlorine.

“Dricoid.”*® Trademark for a series of algin-emulsi-
fier compositions.

" “Dricoid.” Sodium alginate.

K. Propylene glycol alginate-carrageenan.

KB. Propylene glycol alginate-vegetable gums.

Uses: Stabilizer-emulsifier compositions for ice cream
and pressurized whipped cream.

drier. A substance used to accelerate the drying of
paints, varnishes, printing inks and the like by
catalyzing the oxidation of drying oils or synthetic
resin varnishes, such as alkyds. The usual driers are
salts of metals with a valence of two or greater and
unsaturated organic acids. The approximate order
of effectiveness of the more common metals is
cobalt, manganese, cerium, lead, chromium, iron,
nickel, uranium and zinc. These are usually prepared
as the linoleates, naphthenates and resinates of the
metals. Paste driers are commonly the metal salts as
acetates, borates, or oxalates dispersed in a dry oil.
See also soap (2).
Note: The spelling “dryer” refers to equipment used
for drying (of paper, textiles, food products, etc.).

“Drierite.”’*’ Trademark for a special form of anhy-
drous calcium sulfate having a highly porous gran-
ular structure and a high affinity for water. Absorbs
water vapor both by hydration and capillary action.

~

Grades: Regular; Indicating (turns blue to red in use);

“Du-Cal” (for drying air and gases.)
Uses: Drying of solids, liquids, gases.

“Dri-Film.”*** Trademark for a group of silicone
resins designed to impart durable moisture and
weather resistance to surfaces.

Uses: Dri-Film 88 is used as a protective coating for
electric motors, transformers, field coils, etc.; Dri-
Film 144, a masonry water repellent; Dri-Film 1040
and 1042 imparts durable water repellency and
other properties including water-borne spot and
stain resistance, improved hand and drape, increased
flex abrasion resistance, and improved tear strength
and wrinkle recovery.

394

and bentonite or attapulgite clay in either water ora

petroleum

oil. When circulated through oil-well

drilling pipes, it acts as a coolant and lubricant and

keeps the

hole free from bore cuttings. To be

effective it must have a specific gravity of at least 2.0
and should be thixotropic, with appreciable gel
strength. Lignosulfonates are used as thinners in the
water-based type. Oil-based muds require thicken-
ing additives such as blown asphalt and metallic
soaps of tall oil and rosin acids.

“Driltreat.

1236

Trademark for a phosphatide liquid

used as a stabilizer in oil emulsion drilling muds to
offset effects of water contamination. Also effec-
tively controls filtration.

. . 7
“Drimix.”*

Trademark fora form of dry dispersion

of liquid or solid materials in a siliceous carrier. Also

called dry

liquid concentrates. Used to dry up

liquids to convert them to free-flowing powders for
easier handling in rubber and plastics industries.

“Drinox.”*"

Trademark for a series of insecticides,

used in seed treatment.
H-34. A liquid containing 24.5% heptachlor.
PX. A planter-box seed treatment containing 25%

heptachlor.

Hazard: Highly toxic by ingestion, inhalation and
skin absorption.

“Driocel.”*

Trademark for a solid, granular desic-

cant for drying process liquids and gases. Manu-
factured from a selected grade of natural bauxite,
reduced to the required particle size, and thermally
activated to its maximum absorbing activity. Mesh

grades 4/8,

“Dri-Pax.”**

products used in packaging pharmaceuticals and

4/10, 8/14.

Trademark for a group of silica gel

" similar packaged products. Extends shelf life and
deodorizes products having unpleasant odors.

“Dri-Sol.”*"*
solutions u
izers. Total

Trademark for low moisture nitrogen
sed as, or in production of, soil fertil-
nitrogen, % by wt, 46.2 to 58.5; approx.

sp. gr. at 60/60°F, 0.930 to 1.162; Ib/gal at 60°F,
7.75 to 9.68. Are composed of free ammonia,

ammonium
water.

9964

“Drisoy.

treated soybean oils, for replacement of linseed oil.

. 0
“Dritomic.””

sulfur agric

“Dri-Tri.,”' Trademark for sodium phosphate, tri-
basic, Na;PO,. )

“Driwall.”*

(silicone); prevents water penetrating exterior walls
of brick, stone, masonry.

dross. See sl

nitrate, and less than 0.5% by wt. of
Trademark for a group of chemically

Trademark for a micron-fine wettable
ultural fungicide.

Trademark for transparent coatings

ag.
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LITHIUM ALUMINUM HYDRIDE,
ETHEREAL 622

groups, especially for pharmaceutical, perfume, and
fine organic chemicals; converts esters, aldehydes,
and ketones to alcohols, and nitriles to amines;
source of hydrogen; propellant; catalyst in polymeri-
zations. )

Shipping regulations: (Rail, Air) Flammable Solid
and Dangerous When Wet labels. Not acceptable
passenger.

lithium aluminum hydride, ethereal. LiAlH,, plus

ether.

Properties: Colorless solution in ether; very reactive
to water.

Derivation: From lithium hydride and ether solution
of aluminum chloride.

Hazard: Flammable; dangerous fire risk.

Use: See lithium aluminum hydride.

Shipping regulations: (Rail, Air) Flammable Liquid
label. Not acceptable passenger.

lithium aluminum tri-tert-butoxyhydride (LATB;lith-
ium tri-tert-butoxyaluminohydride)
LiAl[OC(CH;):];H.

Properties: White powder; sp. gr. 1.03. Stable in dry
air but sensitive to moisture. Soluble in the dimethyl
ether of diethylene glycol, tetrahydrofuran, diethyl
ether; slightly soluble in other ethers.

Containers: Glass bottles.

Hazard: Evolves flammable hydrogen at 400°C.’
Dangerous.

Uses: For stereospecific reductions of steroid ketones
and for reductions of acid chlorides to aldehydes.

Shipping regulations: Not listed. Consult authorities.

lithium amide LiNH,. :

Properties: White crystalline solid; ammonia-like
odor; sp. gr. 1.18; melts 380-400° C; decomposes in
water, to form ammonia.

Derivation: Reaction of lithium hydride with ammo-
nia.

Grades: 92-95% lithium amide.

Containers: 25-, 100-, 300-1b fiber drums.

carbon dioxide. The solution, called lithia water, is
used in medicine and prepared mineral waters.

lithium borate. See lithium tetraborate.

lithium borohydride LiBH..

Properties: White to gray crystalline powder; decom-
poses in vacuum above 200°C; in air at 275°C;
soluble in water, lower primary amines and ethers;
sp. gr. 0.66; extremely hygroscopic.

Derivation: Reaction of sodium borohydride and
lithium chloride.

Containers: Glass bottles.

Hazard: Flammable; dangerous fire and explosion
risk.

Uses: Source of hydrogen and other borohydrides;
reducing agent for aldehydes, ketones and esters.
Shipping regulations: (Rail, Air) Flammable Solid
and Dangerous When Wet labels. Not acceptable

passenger.

lithium bromide LiBr.

Properties: White cubic deliquescent crystals, orasa
white to pinkish white granular powder; odorless;
sharp, bitter taste. Sp. gr. 3.464; m.p. 547°C; b.p.
1265°C; very soluble in water, alcohol, and ether.
Slightly soluble in pyridine; soluble in methanol,
acetone, glycol. A hot concentrated solution dis-
solves cellulose. Forms addition compounds with
ammonia and amines. Forms double salts with
CuBrz, HgBr;, Hgl:, Hg(CN);, and SrBr:. Greatly
depresses vapor pressure over its solutions. Low
toxicity. .

Derivation: Reaction of hydrobromic acid with lith-
ium carbonate.

Grades: 53% (min) LiBr brine; solid; single crystals.

Containers: Glass jars; bags; brine in steel drums.

Uses: Pharmaceuticals; air conditioning; humectant;
drying agent; batteries; low temperature heat-ex-
change medium; medicine (sedative).

lithium butyl. See butyllithium.

Hazard: Flammable; dangerous fire risk. Do not use  Jithium carbide - Li,C;. Crystalline white powder; sp.

water to extinguish. (See “Lith-X").

Uses: Organic synthesis, including antihistamines
and other pharmaceuticals.

Shipping regulations: (powdered) (Rail, Air) Flam-
mable Solid label.

lithium arsenate Li3AsOx.
Properties: White powder: sp. gr. 3.07 (15° C). Slightly
soluble in water; soluble in dilute acetic acid.
Hazard: Highly toxic.
Shipping regulations: (Rail, Air) Arsenical com-
pounds, n.o.s., Poison label.

lithium benzoate LiC;H;O,.

Properties: White crystals or, powder; soluble in
water and alcohol. Low toxicity.

Derivation: Reaction of benzoic acid with lithium
carbonate.

lithium bicarbonate LiHCO:;. A lithium salt formed
by dissolving lithium carbonate in water with excess

gr. 1.65 (18°C); decomposes in water; soluble in
acid, with evolution of acetylene.
Hazard: Fire risk in contact with acids.

lithium carbonate Li;CO;.

Properties: White powder; sp. gr. 2.111; m.p. 735°C;
" b.p., decomposes at 1200°C. Slightly soluble in
water; insoluble in alcohol; soluble in dilute acid.
Derivation: (a) Finely ground ore is roasted with
sulfuric acid at 250° C. Lithium sulfate is leached
from the mass and converted to the carbonate by
precipitation with soda ash. {(b) Reaction of lithium
oxide with carbon dioxide or ammonium carbonate

solution.’
Grades: Technical; C.P.
Containers: Fiber drums; barrels; bags.
Hazard: Water solution is strong irritant.
Uses: Ceramics and porcelain glazes; pharmaceuti-
cals; catalyst; other lithium compounds; coating of
arc-welding electrodes; nucleonics; luminescent
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paints, varnishes and dyes; glass ceramics; aluminum
production.

lithium chlorate LiCICOs.

Properties: Needlelike crystals, deliquescent; sp. gr.
1.119 (18°C); m.p. 128°C; decomposes at 270°C;
more soluble in water than any other inorganic salt
(313 g per 100 m! water at 18°C); very soluble in
alcohol.

Hazard: Dangerous explosion hazard when shocked
or combined with organic materials. Strong oxidant.
(See “Lith-X").

Uses: Air conditioning; inorganic and organic chemi-
cals; propellants.

Shipping regulations: (Rail, Air) Oxidizer label.

lithium chloride LiClL

Properties: White deliquescent crystals; sp. gr. 2.068,;
m.p. 614°C; b.p. 1360°C; very soluble in water,
alcohols, ether, pyridine, nitrobenzene. One of the
most hygroscopic salts known. Low toxicity, but
should not be used as dietary salt substitute.

Derivation: Reaction of lithium ores with chlorides;
natural brines.

Grades: Technical, 99% (min) assay: 35-40% brine,
inhibited; single crystals.

Containers: Crystals; 25-, 50-, 100-1b paper-lined ’
drums; brine: 75-, 275-, and 500-1b steel drums.

Uses: Air conditioning; welding and soldering flux;
dry batteries; heat-exchange media; salt baths; desic-
cant; production of lithium metal; soft drinks and
mineral water to reduce escape of carbon dioxide.

lithium chromate Li:CrOs-2H,0.

Properties: Yellow, crystalline deliquescent powder;
soluble in water and forms a eutectic at —60° C.
Soluble in alcohols.

Hazard: Toxic by ingestion.

Uses: Corrosion inhibitor in alcohol-base antifreezes
and water-cooled reactors. Oxidizing agent for
organic material, especially in the presence of light;
heat-transfer medium.

lithium citrate Li;C4H;Or 4H,0.

Properties;: White powder or granules; loses 4H:O at
105° C; m.p., decomposes; soluble in water; slightly
soluble in alcohol. Low toxicity.

Derivation: Reaction of citric acid with lithium
carbonate. . ' .

Uses: Beverages; pharmaceuticals; dispersion stabi-
lizer (clay deflocculant).

lithium cobalite LiCoO,. Dark blue powder; insol-
uble in water. The compound exhibits both the
fluxing property of lithium oxide and the adherence-pro-
moting property of cobalt oxide. Low toxicity.
Use: Ceramics. '

lithium deuteride LiD.

Properties: Gray crystals; sp. gr. 0.906. Reacts slowly
with moist air. Thermally stable to its melting point
of 680°C.

Uses: Thermonuclear fusion. See also deuterium.

lithium dichromate Li,Cr,0:-2H,0.

Properties: Yellowish-red, crystalline powder; sp. gr.
2.34 (30°C); m.p. 130°C; deliquescent; soluble in
water; forms eutectic at —=70°C.

Uses: Dehumidifying; refrigeration.

lithium ferrosilicon.

Properties: Dark crystalline brittle metallic lumps or
powder; evolves flammable gas in contact with
moisture. Must be kept cool and dry.

Hazard: Flammable, dangerous fire risk.

Shipping regulations: (Rail, Air) Flammable Solid
and Dangerous When Wet labels. Not acceptable
passenger. :

lithium fluoride LiF.

Properties: Fine white powder; sp. gr. 2.635 (20° C);
m.p. 842°C; b.p. 1670° C; slightly soluble in water;
does not react with water at red heat; soluble in
acids; insoluble in alcohol.

Derivation: Reaction of hydrofluoric acid with lith-
ium carbonate,

Grades: Guaranteed 98% (min) LiF; C.P.; single pure
crystals. .

Hazard: Toxic. Strong irritant to eyes and skin.
Tolerance: 2.5 mg pr cubic meter of air (as F).

Uses: Welding and soldering flux; ceramics; heat-
exchange media; synthetic crystals in infrared and
ultraviolet instruments; rocket fuel component; radi-
ation dosimetry. Component of fuel for molten salt
reactors; x-ray diffraction.

lithium fluorophosphate LiF: Li;PO,* H:0.
Properties: White crystals.
Derivation: Interaction of lithium fluoride and lith-
ium phosphate.
Use: Ceramics.

lithium grease. . A grease using a lithium soap of the
higher fatty acids as a base. Water-resistant; stable
when heated above melting point and cooled again.
Used in aircraft and low temperature service. See
lithium stearate; lubricating grease. Lithium hydroxy-
stearate from hydrogenated castor oil is also widely
used.

lithium hydride LiH.

Properties: White, translucent, crystalline mass or
powder. Commercial product is light bluish-gray
due to minute amount of colloidally dispersed
lithium. Sp. gr. (20°C) 0.82; m.p. 680°C; decom-
position pressure nil at 25° C, 0.7 mm at 500° C, 760
mm at approx. 850°C. Decomposed by water,
forming hydrogen and lithium hydroxide; insoluble
in benzene and toluene; soluble in ether.

Derivation: Reaction of molten lithium with hydro-
gen.

Grades: 93-95%, based on hydrogen evolution.

Containers: Cans; cases; drums.

Hazard: Flammable, dangerous fire risk; ignites
spontaneously in moist air. Use dry chemical to
extinguish. Tolerance, 0.025 mg per cubic meter of
air. (See “Lith-X"). )
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«Siponate.””** Trademark for purified alkylarylsul-

fonates, including sodium dodecyl benzene sulfo-
nate' (branched or linear), and sodium lauroyl
monoglyceride sulfate.

SIPP. Abbreviation for sodium iron pyrophos-
phate.

sisal.

Properties: Hard, strong, light yellow to reddish
fibers obtained from the leaves of Agave sisilana.
Combustible; not self-extinguishing. Strength, 4.5
grams per denier; fineness ranges from 300 to 500
denier.

Source: Africa; Haiti; Bahama; Indonesia.

Hazard: Moderate, by inhalation. Dust is flammable.
May ignite spontaneously when wet.

Uses: Twine: sacking; upholstery; life preservers;
mattress liners; floor covering.

“Sitol."*® Trademark for an oxidizing agent in flake
form used in discharge printing,

beta-sitosterol CisH:O. 22,23-Dihydrostigmasterol.
Properties: Waxy white solid; almost odorless and
tasteless; insoluble in water, soluble in benzene,
chloroform, carbon disulfide and ether. Can be
crystallized from ether as anhydrous needles, or
from aqueous alcohol as leaflets with one molecule
of water.

Derivation: Soybeans; tall oil.

Uses: Biochemical research; anticholesteremic. See
also cholesterol. ’

“Sixide.”*'* Trademark for insegticidal preparations
containing benzene hexachloride.

size oil. See throwing oil.

sizing compound. () A material such as starch, gela-
tin, casein, gums, oils, waxes, asphalt emulsions,
silicones, rosin, and water-soluble polymers applied
to yarns, fabrics, paper, leather and other products
to improve or increase their stiffness, strength,
smoothness or weight. (2) A material used to modify
the cooked starch solutions applied to warp ends
prior to weaving. See also slashing compound.

“Skamex.”?® Trademark for a fluorocarbon plastic

used as a metallurgical additive for the beneficiation
of molten metal. Cakes and slugs of it are specifi-
cally designed for immersion in hot metal for
removal of excessive quantities of dissolved hydro-
gen. Other forms are added to molds during casting
to create a protective atmosphere against the effects
of absorbed oxygen. Can be used for ferrous and
nonferrous metals.

Containers: Powder, pellets, cakes and slugs; 50-1b
drums. Mold wash: 100-1b 44% concentrate, 25-gal
drums.

skatole (3-methylindole) CsHsN.

Properties: White crystalline substance, browning
upon aging; fecal odor. M.p. 93° to 95°C; b.p.
265°C. Soluble in hot water, alcohol, benzene.

927 " SLASHING COMPOUND

Gives violet color in potassium ferrocyanide and
sulfuric acid. :

Derivation: Feces; African civet cat; Celtis reticu-
losa, a Javanese tree.

Use: Perfumery (fixative); artificial civet.

“Skellysolves.”*”® Trademark for straight-run ali-

phatic naphthas having various boiling ranges, spe-
cific gravities, evaporation rates and other proper-
ties, which make them suitable for a number of
industrial uses.

Hazard: Flammable; dangerous fire risk.

Skraup synthesis. Synthesis of quinoline or its de-
rivatives by heating aniline or an aniline derivative,
glycerol and nitrobenzene in the presence of sulfuric
acid.

“Skydrol.”*® Trademark for a series of fire-resistant
aircraft hydraulic fluids.
500-A. Used for hydraulic systems in turbo jet and
turbo prop aircraft, which must operate at —54°C.
7000. Used in aircraft cabin superchargers, expan-
sion turbines for air-conditioning systems and the
aircraft hydraulic system itself.

slack. (1) Descriptive of a soft paraffin wax resulﬁng
from incomplete pressing of the settlings from the
petroleum distillate. Though it has some applica-

tions in this form, it is actually an intermediate -

product between the liquid distillate and the scale
wax made by expressing more of the oil. See also
scale (2).

(2) Specifically, to react calcium oxide (lime) with
water to form calcium hydroxide (slacked or hy-
drated lime); the reaction is CaO + H,0 —™
Ca(OH): + heat. The alternate spelling “slake™ has
the same meaning.

slaframine (l-acetoxy-8-aminooctahydroindoli-
zine). An alkaloid derived from a fungus that infests
clover. It is under research development for use as
an agent in retarding cystic fibrosis.

slag (dross, cinder). (1) Fused agglomerate (usually
high in silicates) which separates in metal smelting
and floats on the surface of molten metal. Formed
by combination of flux with gangue of ore, ash of
fuel, and perhaps furnace lining. Slag is often the
medium by means of which impurities may be sepa-
rated from metal.

(2) The residue or ash from coal gasification
processes; it may run as high as 409 depending on
the rank of coal used.

Uses: Railroad ballast; highway construction; ce-
ment and concrete aggregate; raw material for Port-
land cement, mineral wool and cinder block.

slake. See slack.

slaked lime. See calcium hydroxide; lime, hydrated.

slashing compound. A textile sizing material applied
to cotton or rayon warp ends by a special machine
(slasher).
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SUBSTANCE IDENTIFICATION

Synonyms: (1a,4a,4apB,5a,8ap)-1,2,3,4,10,10-Hexachloro-1,4,4a,5.8, 8a-
hexahydro-1,4:5,8- dxmethanonaphthalene

Structure:

Cl

CAS Registry Number: 309-00-2

Molecular Formula: C,.HClg
Wiswesser Line Notation: .
CHEMICAL AND PHYSICAL PROPERTIES
Boililng Point:
Melting Point: 104 °C
Molecular Weight: 364.93
Dissociation Constants:
ng Octanol/Water Partition Coefficient: 6.5 [11] |
Water Solubility: 0.02 mg/L at 20 °C [72]
Vapor Pressure: 3.75 x 10° mm Hg at 20. °C [72)

Henry’s Law Constant: 0.496 x 107 atm-m*/mole [79]
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ENVIRONMENTAL FATE/EXPOSURE POTENTIAL

Summary: Aldrin is no longer produced or used in the United States and
any past releases have probably been converted to dieldrin. Aldrin
residues in soil and plants will volatilize from soil surfaces or be slowly
transformed to dieldrin in soil. Biodegradation is expected to be slow and
aldrin is not expected to leach into most ground waters. Aldrin was
classified as moderately persistent meaning its half-life in soil ranged
from 20-100 days. Aldrin-residues in water will volatilize from the water
surface and photooxidation is expected to be significant. Photolysis has
been observed in water, although the absorption characteristics of aldrin
indicate it should not undergo extensive direct photolysis in the
environment. Bioconcentration will be significant. Adsorption to
sediments will be significant and biodegradation is expected to be slow.
Vapor phase aldrin residues in the atmosphere are expected to react with
photochemically generated hydroxyl radicals with an estimated half-life
of 35.46 min. Aldrin in the atmosphere is expected to be adsorbed to
particulate matter and no rate. can be estimated for the reaction of
adsorbed aldrin with hydroxyl radicals. Direct photolysis may also occur,
in spite of the low absorption of aldrin at >290 nm. Photolysis, however,
is expected to be a slow process relative to reaction with hydroxyl
radicals. Due to the cessation of aldrin manufacture and use in the USA,
exposure of humans in the USA to the chemical is expected to be low.

Natural Sources: Aldrin is not known to occur as a natural product.

Artificial Sources: Aldrin is an insecticide formerly used against termites
and soil-dwelling pests such as ants [83], wireworms, whitegrubs, etc
{28]. Aldrin in the environment has resulted from these insecticidal uses.
The manufacture and use of aldrin has been discontinued in the United
States [53]. Based upon monitoring data, mean loadings of aldrin in
kg/day are coal mining - 0.0081, foundries - 0.019 and nonferrous metals
manufacturing - 0.0016 [76]. Loading of aldrin in kg/yr to Lake Ontario
by Niagara River unfiltered water were: 1980 - <83, 1981 - <79, 1982 -

<79 [39].

Terrestrial Fate: Aldrin was applied at 1.5 kg ai/ha to flooded soil.
After 30, 90, 120, 240, and 270 days, 44.2%, 55.4%, 74.13%, 88.07%,
and 100% of the aldrin had dissipated from the soil [70]. Aldrin applied
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at 20 1b/6" acre to muck and loam had respective half-lives of 3.75 and
2.40 months for the first half-year and 13.0 and 9.7 months for the
following three years [44]. Three and one-half years following the
application 10 a Miami silt loam of 20 and 200 1b aldrin/6" acre, 1.12%
and 2.55%, respectively, of the calculated initial amount of aldrin
remained [44]. Aldrin was applied 20 Ib/6" acre to Miami silt loam and
at 100 1b/6" acre to Plainfield sand [44]. After incubation for 56 days at
6, 26, and 46 °C, 83.8%, 55.7% and 13.7% of the initial amount of

. recoverable aldrin remained on the Miami silt loam and 63%, 38%, and

10.2% remained on the Plainfield sand, respectively [44]. After 2 months
incubation with upland soil (80% water saturated) at 30 °C, 44%, 58%,
and 33% of about 15 ppm of aldrin applied remained in the Maahas,
Luisiana, and Casiguran soils, respectively. Under flooded conditions,
65%, 81%, 74%, and 64% remained in the Pila. Maahas, Luisiana and
Castguran soils, respectively [6]. Soils were treated with aldrin at 5
Ib/acre from 1958-62. Dieldrin was formed from aldrin in the soil and
constituted 50 and 90% of the aldrin plus dieldrin residues recovered in
1959 and 1963, respectively [42]. Soils from AR, FL, HI, MD; MT, OR,
and SC were treated with 10 mL of 0.5% aqueous aldrin emulsion/10 g
soil. The preparations were placed randomly around a test site in the
Harrison Experimental Forest in southern Mississippi. In all preparations
except the Hawaiiap soil, the percent degradation in the upper 0.5 inch
layer (36-72%) was greater than in the lower layer (unspecified depth)
(11-33%). In the Hawaiian soil samples, degradation in the lower layer
was 63% and in the upper layer was 49% [S]. Aldrin was converted into
dieldrin in these studies [5]. When aldrin was applied to agricultural soils
in Germany, Spain, England and the United States, significant amounts
of dieldrin derived from the applied aldrin were detected ‘in the soils
within 6 months of aldrin application [80]. Aldrin was classified as
moderately persistent in soil with a half-life in the range 20-100 days
[82]." '

Aquatic Fate: A river die-away test was conducted in capped bottles
with aldrin in raw water from the Little Miami River in Ohio. The river
receives domestic and industrial wastes and farm runoff. After 2, 4, and -
8 weeks, 20, 60, and 80% of the initial amount of aldrin had degraded
[15]. Volatilization from water is expected to be significant and will
occur at a rate directly proportional to the rapidity of wind and current
velocity and inversely proportional to the depth of the water body.
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Photooxidation is expected to be significant. Biodegradation is expected
to be slow. Bioconcentration and adsorption to sediments are expected to
be significant.

Atmospheric Fate:. The half-life for the reaction of vapor phase aldrin
with photochemically generated hydroxyl radicals in the atmosphere was
estimated to be 35.46 min [21]. Slow photolysis of aldrin vapor (60% in
one week vs 16% in a dark control) was observed [10]. This is expected
due to the weak absorption of aldrin above 290 nm [23]. Direct
photolysis, therefore, is not expected to be significant.compared to
reaction with hydroxyl radicals.

Biodegradation: In a 5-day. biodegradation tests, no biodegradation of
aldrin at 5 and 10 mg/L was observed through the third subculture of a
mixed culture inoculum tfrom sewage [73]. Activated sludge biodegraded
1.5% of the initial aldrin in 5 days [19]. Aldrin incubated for 30 days in
a water surface film collected off of Hawaii was degraded by 8.1% to the
diol [62]. A pure culture of the marine alga, Dunaliella sp, degraded
23.3% of the initial aldrin to dieldrin and 5.2% to the diol [62]. A pure
culture of Aerobacter aerogenes degraded 36-46% of the initial amount
of aldrin in 24 hours [52]. Aldrin was classified as refractory to
biodegradation [59,74]. The degradation half-life of aldrin in a sandy
loam soil incubated in the dark ranged 43-63 days with an avg of 53
days [51]. When incubated with mixed ananaerobic population, 87%
aldrin degraded to two dechlorinated products in 4 days [49].

Abiotic Degradation: Treatment of saturated aldrin vapor (5000 ug) with
a sunlamp for 45 hours resulted in 14-34% degradation (based on the
amount of aldrin recoverable from the reactor walls) [10]. Dieldrin (50-60
ug) and photoaldrin (20-30 ug) were the photoproducts. Irradiation of 1
ug of aldrin vapor with the sunlamp for 168 hours resulted in 60%
degradation compared to 16% degradation in a dark control [10]. Dieldrin
(0.63 ug) was the primary photoproduct and photoaldrin (0.02 ug) and
photodieldrin (0.02 ug) were also detected [10]. A photolysis half-life of
1.1 day was determined for 0.33 ppb aldrin in San Francisco Bay water
exposed to sunlight, although insufficient detail concerning the
experimental conditions is available to conclude that this result was due
solely to direct photolysis [4]. Exposure of an aldrin film to sunlight for
1 month resulted in a mixture containing 2.6% unchanged aldrin and
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9.6% photoaldrin, 4.1% dieldrin, 24.1% photodieldrin and 59.7% of an
unidentified product [66]. Photolysis half-lives of aldrin thin films of
thickness 0.67, 3.3 and 6.7 ug/cm2 irradiated at >300 nm were 4.7, 8.3,
and 11 days, respectively [7]. Solid aldrin adsorbed on silica gel
irradiated at >290 nm for 6 days was 11% mineralized [37]. A 0.07 M
aqueous solution of aldrin in the presence of constituents present in a
natural water was 25% photooxidized to dieldrin in 36 hrs at a max
wavelength of less than 220 nm [67]. Rotenone, xanthone and
anthraquinone act as sensitizers to accelerate photolysis of aldrin [8].
Irradiation of aldrin in 0.05 M hydrogen peroxide for 12 hr at >290 nm

reduced the aldsin concentration by 79.5% compared to a dark control in

which the aldrin concentration decreased by 32.9% ([13]. Photoaldrin,
dieldrin, and one unidentified product were isolated from the 0.05 M
hydrogen peroxide solution [13]. The estimated hydrolysis half-life at pH
7-is 760 days [16]. Therefore, hydrolysis will not be important.

Bioconcentration: The bioconcentration factor of aldrin in molluscs is
4571 [29], in the golden orfe is 3890,[18], in an unspecified fish is
10,715 [20] and in the alga, Chlorella fusca, is 12,260 [22].
Bioconcentration of aldrin is expected to be significant.

Soil Adsorption/Mobility: Aldrin was applied to silty soil at 1.5 kg/ha
as a surtace spray. Following one simulated rainfall, 5.2% of the aldrin
was lost in runoff [63]. Aldrin was immobile in columns containing
Hagerstown silty clay loam or Lakeland sandy loam subirrigated for 3
days [26]. Aldrin was applied to the upper 5 inches of a silt loam soil
[43]. The percent distribution of aldrin after 10 years in nondisked soil
was 0-2" - 11%, 2-4"- 33%, 4-6" - 33%, and 6-9" - 23% and in disked
(for one summer only) soil was 0-2" - 13%, 2-4" - 29%, 4-6" - 29%, and
6-9" - 29% [43]. Aldrin in soil was quantified 5, 6, 4, and 3 months
following its application at 2.9, 3.0, 3.0, and 3.0 kg/ha to soils used for
growing maize in Germany, England, Spain, and the United States,
respectively [80]. For soil depths of 0-10 cm, 10-20 cm, 20-40 cm, and
40-60 cm, respective residue levels in ppm (% total aldrin extractable)
were: Germany - 0.78 ppm (78%), 0.18 ppm (18%), 0.03 ppm (3%), and
<0.01 ppm (<1%); England - 1.30 ppm (ca 100%), <0.01 ppm (<1%) at
all other levels; Spain - 0.83 ppm (96.5%), 0.02 ppm (2.3%), 0.01 ppm
(1.2%) and <0.01 ppm (<1%); US - 0.50 ppm,(98%), 0.01 ppm (1.96%),
<0.01 ppm (<1%) at all other levels [80]. Aldrin in soil was quantified
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5 months following application at 2.9 kg/ha to soils used for growing
wheat in Germany and quantified 4 months following application at 3.2
kg/ha for wheat growing soils in England [80]. For soil depths of 0-10
cm, 10-20 cm, 20-40 cm, and 40-60 cm, respective residue levels in ppm
(% total aldrin residues) were: Germany - 1.09 ppm (66.9%), 0.45 ppm
(27.6%), 0.09 ppm (5.5%), <0.01 ppm (<1%); England - 2.00 ppm (ca
100%), <0.01 ppm (<1%) at all other levels [80]. A leaching index of 1
(<10 cm leaching through soil column with 150 cm annual rainfall) was
assigned to aldrin [17]. Experimentally determined log soil sorption
coefficients (Koc) for aldrin ranged from 2.61-5.36 [51,68]. Soil sorption
coefficients of these magnitudes suggest that aldrin will not be mobile in
soil [32]. Minimal leaching to ground water is expected from these
results.

Volatilization from Water/Soil: SOIL: Aldrin was applied at 4 ppm to
wet and dry quartz and Plainfield sands. Analysis of air passed over the
sand at 1 }/min windspeed for 6 hrs at 22 °C and 38% relative humidity
revealed no volatilization of aldrin from the dry Plainfield sand and only
a trace from the dry quartz sand (<0.50% of initial aldrin). Four percent
and 2.19% of the initial aldrin volatilized from wet quartz and Plainfield
sands, respectively, at the same relative humidity. At 100% relative
humidity, 1.28% and 6.16% of the aldrin volatilized from dry Plainfield
and quartz sands, respectively, and 4.52% and 7.33% of the aldrin
volatilized from the wet Plainfield and quartz sands, respectively [27].
. Following passage of air at 1 I/min windspeed at 22 °C and 100%
relative humidity over quartz sand and Miami silt loam treated with 4
ppm aldrin, 37.9% and 16.3%, respectively of the initial aldrin were
recovered in the vapor phase, and 55.3% and 79.7% of the applied aldrin

remained in the respective soils [27]. Volatilization rates of aldrin from

sand, loam, and humus were 1.08%, 0.21% and 0.8%/ml evaporated
water after the first hour and 0.59%, 0.18%, and 0.09%/ml evaporated
water in the second hour, respectively [33]. Aldrin was assigned a
vaporization index of 1 (<0.1 kg/ha/yr) for volatilization from soil [17].
WATER: After 20 hr at 26.5 °C, 93% of the aldrin initially present (24
ppb), had codistilled with water [31]. Half-lives for the volatilization of
aldrin from pure water and waters of the San Francisco Bay, the
American River and the Sacramento River are 0.38 hr, 0.59 hr, 0.60 hr,
and 0.60 hr; respectively [4]. The volatilization rate of aldrin from water
was 16.3%/im] evaporated water after one hour and 6.03%/ml evaporated
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water in the second hour [33]. The estimated volatilization half-life of
aldrin from 1 m deep water at 25 °C is 7.7 days [46]. Using a Henry’s
Law constant of 0.496 x 107 atm-m*/mole [72], the half-lives for the
volatilization of aldrin from model streams, rivers and lakes are estimated
[45] under the assumption that the wind velocity in all the cases were 3
m/s,'the current velocities of the streams, rivers and lakes are 2,1, and
0.01 my/s, respectively and the depths of the streams and rivers were 1 m
and lakes are 50 m. The estimated half-lives were 5.5 hr, 8.9 hr, and 38
-days for the streams, rivers and lakes, respectively. These estimated half-
lives are derived without consideration to adsorption. In natural waters
where aldrin will be adsorbed considerably by suspended matter and
sediment, the volatilization half-lives will be longer.

Water Concentrations: DRINKING WATER: United States (unspecified
location) - 5.4 ug/L., The Hague, Netherlands - 0.01 ug/L, Ottawa,
Canada - Tap water, 0.7 ug/L [38]. Aldrin was detected but not
quantified in USA drinking water from unspecified locations [35,36].
SURFACE WATER: Major USA rivers - 100 sites, max concn 0.085
ug/L [17]. Niagara-on-the-Lake, 1980-82, 75 samples, 1% pos, <0.1 ng/L
avg [39]. New Jersey - 604 samples, 23.5% pos, 0.6 ppb max [60]. Ohio

-River (at different mile point) - 11 samples, 9% pos, <0.1 ug/LL max; 12

samples, 8% pos, <0.1 ug/L max; 21 samples, 57% pos, 2.0 ug/L max;
11 samples, 54.5% pos, 1.3 ug/L max; 11 samples, 36.3% pos, 0.5 ug/L
max; 11 samples, 18.2% pos, 0.5 ug/L max [58]. Inner Harbor
Navigation Canal, Lake Pontchartrain, LA - Ebb tide: 0.3 ppt (1.5 m),
Flood Tide: 5.6 ppt (1.5 m) and 2.6 ppt (10 m) [50]. Several US surface
waters - 7891 samples, 40.0% pos, 0.001 ug/L median [71]. GROUND
WATER: New Jersey -1076 samples, 26% pos, 1.2 ppb max [60].
Leachate from an inactive industrial disposal site at Love Canal, Niagara
Falls, NY following equalization and sand filtration- 23 ug/L [77].
Leachate from an unspecified industrial landfill- 0.023 mg/L [3].
RAIN/SNOW: Unspecified US urban location - 7 ng/m’ (rain/snow) [55].
Unspecified US rural location - 0.5-3 ng/m’ (rain/snow) [55]. Aldrin was
detected but not quantified in snow samples collected in Finland and at
the North Pole [30].

Effluent Concentrations: Aldrin residues in treated wastewater effluents

from a variety of industries were as follows: coal mining - 47 samples,
4.3% pos, 2.2 ppb avg; Foundries - 10 samples, 100% pos, 5-10 ppb, 5.5
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ppb avg; nonferrous metals manufacturing - ND-0.5 ppb, 0.2 ppb avg
[76]. Unspecified industrial effluents - 677 samples, 3.1% pos, <0.010
ug/L median [71)]. Urban runoff samples from Washington, DC-20% pos
and concn range 0.0027-0.1 ug/L [9]. Flint, MI - municipal plant effluent,
0.04-0.06 ppb [34]. Owosso, MI - municipal plant effluent, 0.22 ppb [34].

Sediment/Soil Concentrations: SEDIMENT: Niagara-on-the-lake
suspended sediments, 1979-81, 70 samples, 7% pos, 2 ng/g avg [39].
Unspecified US sediments - 2,048 samples, 33.0% pos, 0.1 ug/kg dry
weight median [71]. Detected but not quantified in sediments from the
Puget Sound, WA [47]. Detected in 5% of Hamilton Harbour sediments
collected in 1982 at a median concn less than 1 ug/kg and a max concn
1 ug/kg [64]. SOIL: Nebraska soils - 1969, 106 sites, 1% pos, ND-0.01
ppm, <0.01 ppm avg; 1970, 106 samples, 3.77% pos, 0.01 ppm max and
min, <0.01 ppm avg; 1971, 106 samples, 0.90% pos, ND-0.02 ppm,
<0.01 ppm avg; 1973, 101 samples, 2% pos, 0.01-0.06 ppm, <0.01 ppm
avg [2]. Ontario, Canada - 1976, agricultural soils, ND-0.06 ppm [54].

Atmospheric Concentrations: Aldrin was detected within 800 m of two
formulation plants in Arkansas in 1970 and 1971 [40]. Residues were:
1970 - 66 samples, 24% pos, 0.6-1.4 ng/m’, 0.9 ng/m’ avg; 1971 - 60
samples, 10% pos, 0.4-6.3 ng/m®, 1.5 ng/m’ avg [40]. One of 94 air
samples taken in Iowa City, Iowa during 1967-68 was positive for aldrin
and contained 8.0 ng/m® [40]. Air samples taken in Miami were 14.3%
pos, and ranged from ND-1.1 ng/m® with a 0.2 ng/m’ avg and in the
Everglades National Park were 7.1% pos, and ranged from ND-0.5 ng/m’
with a 0.04 ng/m® avg [40]. The aldrin concentration in the air of a South
Florida Formulation plant was 437.0 ng/m’ in 1974 [40]. Aldrin
concentrations in the air above a hazardous liquid waste impoundment at
an unspecified location ranged from ND-380 ng/m’ [25]. Unspecified US
urban location - 1-10 ng/m’ (vapor/particulate) [55]. Unspecified US rural
location - 0.1-1 ng/m’ (vapor/particulate) [55]. Indoor and outdoor air of
nine households (7 of 9 were known to have been treated for termites)
in an urban-suburban area of the southeastern U.S. during 1985 - detected
in indoor and outdoor air of 4 households [41].

Food Survey Values: Average dietary intake during 1971-1976 - 0.5

ng/kg body weight/day [14]. Year-% positive composites (daily intake in
ug) for aldrin: 1971 - not found, 1972 - 0.2 (Trace), 1973 - 0.3 (0.006),
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1974 - 0.3 (0.006), 1975 - 0.4 (0.2), 1976 - not found [14]. Cheese -
domestic 784 samples, 0.7% pos, 0.004 ppm avg; imported 5471 samples,
0.08% pos, <0.0001 ppm avg [14]. Red meat - 15,200 samples (1972-
1976), 0.8% pos, 0.0007 ppm avg, fat basis [14]. Poultry (1972-1976),
0.7% pos, 0.0005 ppm avg, fat basis [14]. Large fruits - domestic 3281
samples, 0.8% pos, 0.0002 ppm avg; imported 1048 samples, 0.3% pos,
<0.0001 ppm avg [14]. Small fruits - domestic 1445 samples, 0.3% pos,
<0.0001 ppm avg; imported 2119 samples, 0.4% pos, <0.0001 ppm avg
[14]. Vine and ear vegetables - domestic 2954 samples, 0.2% pos,
<0.0001 ppm avg; imported 4117 samples, 0.3% pos, 0.0001 ppm avg
[14]. Root vegetables - domestic 3248 samples, 0.7% pos, 0.0002 ppm
avg; imported 609 samples, 0.3% pos, <0.0001 ppm avg [14]. Whole
grains - domestic 947 samples, 0.1% pos, <0.0001 ppm avg; imported 85
samples, 1.2% pos, 0.0002 ppm avg [14]. Corn - 280 samples, 0.4% pos,
<0.0001 ppm [14]. Cottonseed - 54 samples, 4.3% pos, 0.409 ppm avg
[14]. Peanuts and peanut products - 148 samples, 0.7% pos, 0.0005 ppm
avg [14]. Aldrin was infrequently found in eggs and egg products, leaf
and stem vegetables, and nuts [14]. One August 1973-July 1974 food
composite (fruits) contained 0.001 ppm aldrin [48]. These values were
determined on foods prior to the cessation of aldrin use.

Plant Concentrations: The mean concn of aldrin in dquatic vascular
plants collected from Lake Pajjanne, Finland during 1972-1973 was 2
ug/kg + 5 ug/kg (dry weight) [78].

Fish/Seafood Concentrations: Fish - domestic 2901 samples, 0.5% pos,
0.0002 ppm avg [14). Mussel -1 ppb [65]. Crab - 16 ng/g (65]). Aldrin
was detected but not quantified in bottom-dwelling fish taken from the
Puget Sound, WA [47]. Aldrin levels ranged 0.012-0.12 mg/kg in whole

" fish from Ohio River tributaries collected in 1978-1979 [58]. Different

fish species from Abu Qir Bay, Idku Lake, and Maryut Lake in
Alexandria, Egypt, were assayed for residues of organochlorine
insecticides and polychlorinated biphenyls (PCBs). The fish were
obtained from commercial fishermen in 1985: Pagellus ervthrinus, Sargus
vulearis, Sieanus rivulatis, Sphyraena sphyraena, and Trigla herundo from

Abu Qir Bay: and Tilapia fish from Idku and Maryut Lakes. Assays for
aldrin indicated it was present in low concentrations. The highest value
obtained was 19.9 ug/kg in Sargus vulgarius from Abu Qir Bay. Aldrin
was present in-low and similar amounts (1.1-3.5 ug/kg) in small and
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medium sized Tilapia nilotica. Size ranges of Tilapia zilli showed
variation of 5.7 ug/kg (small) to 13.1 ug/kg (large) in the concentration
of aldrin in muscle tissue [56].

Animal Concentrations: Water snakes taken in Louisiana contained ND-
0.02 ppm (wet weight) aldrin [69]. Measurements of aldrin levels were
made on fresh tissue of 3 whales taken off Chile [61]. Level- 0.028
mg/kg avg in blubber, 0.004 mg/kg avg in liver [61]. Mean concn in
game bird muscle from upper Tennessee, U.S. rangéd from 0.18 to 0.59
mg/kg [78). Level in fat of hooded seal from Greenland was 28 mg/kg
[78].

Milk -Concentrations: Fluid milk - domestic 4638 samples, 0.3% pos,
0.0002 ppm aldrin avg [14]. Human milk collected 3-6 days after
parturition from mothers at 4 hospitals in Quebec, Canada - 154 samples,
0.041 + 0.068 ppm avg [12]. It was detected in human milk at an avg
concn 0.041 + 0.068 ppm [12].

Other Environmental Concentrations: Chilean animal feed - avg concn
0.023 ppm [57].

Probable Routes of Human Exposure: The biotransformation factors
for aldrin from beef, rhilk and vegetable are 0.085, 0.024 and 0.021,
respectively [75]. Cessation of aldrin production and use is expected to
eventually eliminate human exposure to the insecticide in the USA but
will result in dieldrin exposure. Individuals residing in countries where
aldrin is still used are expected to be exposed to the compound by
ingestion of contaminated food and drinking water.

Average Daily Intake: FOOD: 0.053 ug [14]. The daily intake in U.S.
population of all age groups (6 months to 65 yr-old) during 1982-1984
was less than 0.1 ng/kg body wt/day [24].

Occupational Exposure: In occupational situations (industrial
production, agricultural and other public health use), the route of intake
will be percutaneous. The intake through skin exposure will be much
greater than inhalation exposure. '
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Body Burdens: Aldrin was identified but not quantified in human
adipose tissue during 1970-1975 [1]. Human adipose tissue collected in
1984 from 6 Canadian municipalities - none detected at a minimum
detection limit of 1.2 ug/kg [81}].
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Chlordane

SUBSTANCE IDENTIFICATION

Synonyms: 1,2,4,5,6,7,8,8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-
methano-1H-indene

cl
Structure: . a

Ci (@]
Cl Cl

CAS Registry Number: 57-74-9 (nonstereospecific chlordane); 12789-
03-6 (technical); 5103-71-9 (cis- or a-isomer); 5103-74-2 (trans- or B-
isomer); 5564-34-7 (y-isomer) :

- Molecular Formula: C, H,Clg

Wiswesser Line Notation: L C555 A IUTJ AG AG BG DG EG HG IG
JG

CHEMICAL AND PHYSICAL PROPERTIES
Boiling Point: 175 °C at 2 mm Hg

Melting Point: 107.0-108.8 °C (cis-isomer); 103.0-105.0 °C (trans-
isomer); 131 °C vy isomer

Molecular Weight: 409.80

Dissociation Constants:

" Log Octanol/Water Partition Coefficient: 5.54 (estimated for pure

chlordane) [29]

Water Solubility: 0.1 mg/L at 25 °C (technical chlordane) [136],
(solubility of the components of technical chlordane may differ from the
solubility of the technical product); 0.056 mg/L at 25 °C (75:25 cis:trans
mixture) [110]
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Vapor Pressure: At 25 °C: 4.6 x 10" mm Hg (technical) [136]; 9.8 x
10 mm Hg (refined technical product) [136]; 2.2 x 10° mm Hg (cis-
chlordane, supercooled liquid) [43]; 3.0 x 10 (cis-chlordane, calculated
for crystal) [43]; 2.9 x 10° mm Hg (trans-chlordane, supercooled liquid)
[43]; 3.9 x 10 (trans-chlordane, calculated for crystal) (43]

Henry’s Law Constant: 4.85 x 10° atm-m*/mole (technical chlordane)
[121]; 1.3 x 10 atm-m*/mole at 25 °C (y-chlordane) [9]; 8.6 x 10*atm-
m*/mole at 25 °C (a-chlordane) [9]

ENVIRONMENTAL FATE/EXPOSURE POTENTIAL

Summary: Chlordane has been released in the past into the environment
primarily from its application as an insecticide. The amount of chlordane
used annually in the U.S. prior to 1983 was estimated in 1985 to be
greater than 3.6 million pounds. Between July 1, 1983 and April 14,
1988, the only approved use for chlordane in the U.S. was for
underground termite control. As of Aprl 14, 1988, however, all
commercial use of chlordane in the U.S. has been canceled by the
USEPA. Technical grade chlordane is a mixture of at least 50
compounds; the major constituents of the mixture are cis--and trans-
chlordane, heptachloér, cis- and trans-nonachlor, a-, B- and y-chlordene,
3a,4,5,5a,6-exo-hexachloro-1a,2,3,3a,5a,5b-hexahydro-1,4-methano-1H-
cyclobuta(cd)pentalene, and 2.4,4,5,6,6,7,8-octahydro-2,3,3a,4,5,7a-
hexahydro-1,4-methano-1H-indene [11]. If released to soil, chlordane may
persist for long periods of time. Under field conditions, the mean
degradation rate has been observed to range from 4.05-28.33%/yr with
a mean half-life of 3.3 years. Chlordane ‘is expected to be generally
immobile or only slightly mobile in soil based on field tests, soil column
leaching tests and estimated Koc estimation: however, its detection in
various ground waters in NJ and elsewhere indicates that movement to
ground water can occur. Soil volatility tests have found that chlordane
can volatilize significantly from soil surfaces on which it has been
sprayed, particularly moist soil surfaces; however, shallow incorporation
into soil will greatly restrict volatile losses. Although sufficient
biodegradation data are not available, it has been suggested that
chlordane is very slowly biotransformed in the environment which is
consistent with the long persistence periods observed under field
conditions. If released to water, chlordane is not expected to undergo
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significant hydrolysis, oxidation or direct photolysis. The volatilization
half-life from a river one meter deep flowing 1 m/sec with a wind
velocity of 3 m/sec is estimated to be 7.3-7.9 hrs at 23 °C for the y- and
trans-isomers, respectively, and 43 hrs for technical chlordane; the
volatilization half-lives from a representative environmental pond, river
and lake are estimated to be 18-26, 3.6-52 and 14.4-20.6 days,
respectively. However, adsorption to sediment significantly attenuates the
importance of volatilization. Adsorption to sediment is expected to be a
major fate process based on soil adsorption data, estimated Koc values
(24,600-15,500), and extensive sediment monitoring data.
Bioconcentration is expected to be important based on experimental BCF
values which are generally above 3,200. Sensitized photolysis in the
water column may be possible. The presence of chlordane in sediment
core samples suggests that chlordane may be very persistent in the
adsorbed state in the aquatic environment. The observation that 85% of
the chlordane originally present in a sealed glass jar under sunlight and
artificial light in a river die-away test remained at the end of two weeks
and persisted at that level through week 8 of the experiment; this
indicates that chlordane will be very persistent in aquatic environments.
If released to the atmosphere, it will be expected to be predominantly in
the vapor phase. Chlordane will react in the vapor-phase with
photochemically produced hydroxyl radicals at an estimated half-life rate
of 6.2 hr suggesting that this reaction is the dominant chemical removal
process. The detection of chlordane in remote atmospheres (Pacific and
Atlantic Oceans; the Arctic) indicates that long range transport occurs. It
has been estimated that 96% of the airborne reservoir of chlordane exists
in the sorbed state which may explain why its long range transport is
possible without chemical transformation. The detection of chlordane in
rainwater and its observed dry deposition at various ‘rural locations
indicates that physical removal via wet and dry deposition occurs in the
environment. Major general population exposure to chlordane can occur
through oral consumption of contaminated food and inhalation of
contaminated air. Occupational exposure by dermal and inhalation routes
related to the use of chlordane as an insecticide may be significant.

Natural Sources: Chlordane is not known to occur as a natural product
[65].
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Artificial Sources: Chlordane in the past had been released into the
environment primarily from its application as an insecticide. The amount
of chlordane used annually in the U.S. prior to 1983 was estimated in
1985 to be greater than 3.6 million pounds [57]. It was applied directly .
to soil or foliage to control a variety of insect pests [136]. Chlordane
may have entered the atmosphere through volatilization from plants, soil
or water. Between July 1, 1983 and April 14, 1988, the only approved
use for chlordane in the U.S. was for underground termite control [128].
As of April 14, 1988, however, all commercial use of chlordane in the .
U.S. has been canceled by the USEPA [128]. '

Terrestrial Fate: Chlordane released to soils may persist for long
periods of tme [104,110]. One review of chlordane soil persistence
literature has reported that the mean degradation rate of chlordane in soil
under field conditions has been observed to range from 4.05-28.33%/year
[110]; another literature review has reported that the mean half-life of
chlordane under field conditions is 3.3 years [104]. Based on field tests,
soil column leaching tests and Koc estimations [22,81,82,135], chlordane
is expected to be generally immobile or oualy slightly mobile in soil
[122]; however, the detection of chlordane in a number of NJ ground
waters and ground waters elsewhere indicates that leaching can occur
[30,100,134]. Soil volatility studies have found that chlordane can
volatilize significantly from soil surfaces on which it has been sprayed,
particularly moist soil surfaces; however, shallow incorporation into soil
was found to greatly restrict volatilization losses [61]. Sufficient data are
not available to predict the biodegradation rate of chlordane in soil.
However, it has been suggested [22] that chlordane is very slowly
biotransformed in the environment (similar in nature to dieldrin) which
is consistent with the long persistence periods observed under field
conditions.

Aquatic Fate: Chlordane released to water is not expected to undergo
significant hydrolysis, oxidation, or direct photolysis in water [62,83].
Based on experimentally determined Henry's Law constants [9,121],
chlordane (y- and trans-isomers and technical grade chlordane) can be
expected to volatilize significantly from the water column to the
atmosphere; the volatilization half-life from a river one meter deep
flowing 1 m/sec with a wind velocity of 3 m/sec is estimated to be 7.3
and 7.9 hr at 23 °C for the y- and trans-isomers, respectively, and 43 hr
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for technical chlordane (82] while the volatilization half-lives from a
representative environmental pond, river and lake are estimated to be 18-
26, 3.6-5.2 and 14.4-20.6 days, respectively [39]. Adsorption to sediment,
however, significantly attenuates the importance of volatilization [22].
Adsorption to sediment is expected to be a major fate process in aquatic
environments based on soil adsorption data, estimated Koc values
(24,600-15,500) [82], and extensive sediment monitoring data.
Bioconcentration is also expected to be significant based on experimental
BCF values ranging from 400 to 38,000 with most of the BCF values
above 3,200 {94,129]. Acetone, benzophenone and rotenone have been
found to sensitize the photolysis of chlordane in the laboratory which
may suggest that sensitized photolysis in the natural water column is
possible [22]. The presence of chlordane in sediment core samples
suggests that chlordane may be very persistent in the adsorbed state in
the aquatic environment [18]. The observation that 85% of the chlordane
originally present in a sealed glass jar under sunlight and artificial light
in a river die-away test remained at the end of two weeks and persisted
at that level through week 8 of the experiment [36] indicates that
chlordane will be very persistent in aquatic environments.

Atmospheric Fate: If chlordane is released to the atmosphere based
upon its vapor pressure, it will be expected to be predominantly in the
vapor phase [17,43]. Chlordane present in the atmosphere in the vapor-
phase will react with photochemically produced hydroxyl radicals at an
estimated half-life rate of 6.2 hr [55] suggesting that this reaction is the
dominant chemical removal process for vapor-phase chlordane. Since
chlordane does not absorb UV light above 280 nm [62], direct photolysis
should not occur. The detection of chlordane in the ambient atmosphere
of remote locations in the Pacific and Atlantic Oceans and in the Arctic
air [8)] indicates that long range transport of the chemical occurs.
However, it has been estimated that 96% of the airborne reservoir of
chlordane exists in the sorbed state [126]. Particulate-phase chlordane
may be physically removed from the atmosphere by wet and dry
deposition processes. Its detection in rainwater [8] suggests that wet
deposition occurs. The dry deposition velocity of chlordane has been
observed to be 0.13 cm/sec at various rural locations on the eastern coast
of the USA [15].
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Biodegradation: Using a static-culture flask-screening procedure (settled
domestic wastewater as microbial inoculum), chlordane had 0%
biodegradation after 28 days of incubation which included three weekly

* subcultures [124]. A pure culture of Nocardiosis sp. isolated from soil

was able to degrade chlordane with dichlorochlordene, oxychlordane,
héptac_:hlor, ‘heptachlor-endo-epoxide, chlordene, chlorohydrin, and 3-
hydroxy-trans-chlordene produced as metabolites [12]. Microorganisms
isolated from petroleum based cutting fluids cultivated on heptachlor
were able to rapidly degrade chlordane with 76-83% degradation in 4 hrs
[116]. The fungus Aspergillus niger was able to use chlordane in nutrient
solutions, but not as a sole carbon source [67]. It has been suggested that
chlordane is comparable to dieldrin with a very slow biotransformation
rate in the environment [22]. The finding of chlordane residues in soil at
least 10 years after the last known application of the pesticide [12]
indicates that chlordane at best only slowly biodegrades in soil. In a river
die-away test, 85% of the chlordane originally present in a sealed glass
jar under sunlight and artificial light remained at the end of two weeks
and persisted at that'level through week 8 of the experiment; it is not
possible to estimate the proportion of chlordane decrease due.to biotic:
and abiotic processes since no tests were done with sterilized river water

[36]. | o | o

Abiotic Degradation: Aquatic. hydrolysis of chlordane is not an
environmentally significant fate process [83]. Based on estimated rate
constants, the aquatic oxidation of chlordane in water via alkoxy radicals
or singlet oxygen is not environmentally significant {83]. Chlordane (in
hexane solvent) does not absorb UV radiation above 280 nm [62]

‘indicating that direct photolysis should not occur in the environment.

Chlordane has been shown to undergo photosensitized reactions with the
presence of acetone as a photosensitizer; cis-Chlordane is more
susceptible to sensitized photolysis than trans-chlordane [22]. cis- and
trans-Chlordane experienced 70-80 and 15-20% respective losses when
exposed to 4 hrs of sunlight on bean leaves that had been treated with-
rotenone (a photosensitizer); no loss occurred in the absence of rotenone
[66]. Benzophenone and acetone were found to sensitize the photolysis
of cis-chlordane at environmentally significant wavelengths with photo-
cis-chlordane being formed as the major photoreaction product {41,102].
The rate constant for the vapor-phase reaction of chlordane with
photochemically produced hydroxyl radicals has been estimated to be 3.9

95




Chlordane

x 10" cm®/molecule-sec at 25 °C which corresponds to a half-life of 6.2
hr in an average atmosphere containing 8 x 10" hydroxyl radicals/cm’
[55]. In a river die-away test, 85% of the chlordane originally present in
a sealed glass jar under sunlight and artificial light remained at the end
of two weeks and persisted at that level through week 8 of the
experiment; it is not possible to estimate the proportion of chlordane

decrease due to biotic and abiotic processes since no tests were done with .

sterilized river water [36].

Bioconcentration: Chlordane BCF of 11,500 and 8,320 were measured -

for fish in flowing water and static ecosystem tests, respectively [72]. A
24-hr BCF of 10,200 was measured for green algae [60]. A BCF of
38,000 was measured for fathead minnows over a 32-day exposure [129].
BCF values of 6,300-20,000 were determined for juvenile and adult
sheepshead minnow over 28-189 day exposures [101]. BCF values of
3,300 and 400 were determined for large mouth bass and clams,
respectively, over 106-127 days durations [94]; a 10-day BCF of 7,240
was found for eastern oysters [94]. trans-Chlordane had a 24-hr flow-
system BCF of 4,570 in the edible portion of spot fish [114]. A BCF of
5.500 was estimated for redhorse and white -suckers [107]. Xenopus
laevis (frogs), Lepomis macrochirus (bluegills), and Carassius auratus
(goldfish) exposed to 5 ppb exhibited a BCF of 108 at 96 hr, 322 at 24
hr, and 990 at 16 hr, respectively (times are for maximum absorption in
a static system) [131]. Hyvallela azteca (scub) exposed to technical
chlordane exhibited a whole body BCF of 5200 over a period of 65 days

[23].

Soil Adsorption/Mobility: Less than 2% of -applied chlordane reached
the 15-23 cm depth zone in field tests in British Columbia conducted
over a 16 month period with 225 cm of rainfall [135]. Soil column
leaching tests using five different soil types (sandy, sandy loams, and
silty clay loam) found that in excess of 99% of applied chlordane was
retained in the upper 10 cm of soil over an 80 day period [135].
Chlordane absorbs almost completely to sediments in water sediment
systems over a period of about six days [98,99]. Based on the log Kow
and the water solubility for technical chlordane, the Koc value for
chlordane can be estimated to be 24,600 and 15500, respectively, from
regression-derived equations [82]; these Koc values indicate that
chlordane will be slightly mobile to immobile in soil [122].
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Volatilization from Water/Soil: The Henry’s Law constants indicate that
volatilization from environmental waters will probably be significant and
relatively rapid [9,82,121]. The volatilization half-lives of y- and a-
chlordane from a model river one meter deep flowing 1 m/sec with a
wind velocity of 3 m/sec can be estimated to be 7.3 hr and 7.9 hr,
respectively [82]. Based on measured chlordane to oxygen reaeration
ratios at 23 °C [9], the volatilization half-lives of y- and a-chlordane
from a model environmental pond (2 m deep), river (3 m deep) and lake
(5 m deep) are estimated to be 18-26, 3.6-5.2 and 14.4-20.6 days,
respectively [82]. Based upon the measured Henry’s Law constant for
technical chlordane [121], the volatilization half-life from a model river
one meter deep flowing 1 m/sec with a wind velocity of 3 m/sec can be
estimated to be 43 hr [82]. Chlordane was found to volatilize
significantly from a flask containing natural water. However, when
sediment was added to the flask, more than 80% of the chlordane initially
in solution was recovered from the sediment after 12 weeks
demonstrating that adsorption to sediment can significantly attenuate the
importance of volatilization [22]. Volatilization kinetics, however, appear
to be faster than absorption kinetics which suggests that the attenuation
of the rate of volatilization by adsorption to sediments may not be as
significant [11] as would appear from data obtained from laboratory tests
[22]. Half-lives of <10 days can be estimated for volatilization from a
typical pond and lake using a model which considers both volatilization
and adsorption kinetics [39]. Nevertheless, based upon knowledge that
the majority of the chlordane probably enters water as runoff from urban
and agricultural soils [11] and that monitoring data indicate that sediment
concn of chlordane are much higher in the overlying water [18,97],
volatilization from surface waters may not be as fast as predicted. In soil
volatility studies, 2% of the chlordane sprayed onto a dry fallow soil
surface was lost in 50 hr while 50% was lost from a moist soil surface
in 60 hr [61]. Dry soil was found to restrict vapor losses of chlordane
and other pesticides; shallow incorporation into the soil greatly restricted
volatilization losses [61]. Chlordane volatilized quite rapidly from
sprayed alfalfa plants with a 95% loss in 21 days [35].

Water Concentrations: DRINKING WATER: Chlordane was
qualitatively detected in drinking water from New Orleans, LA and
Kansas City, MO and KS [1]. Chlordane (unspecified isomers) was
detected at concn of 0.80 and 0.13 ug/L in drinking water from two tanks
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sampled between November 1986 and June 1987 on the New South

Wales, Australia, northern coast; one of the tanks also contained
oxychlordane at a concn of 0.5 ug/L [5]. Chlordane was found in the
drinking water of Pittsburgh, PA in December 1980 at concn ranging
from <1.0 to 6,600 ppb [6]. It was found in 22% of 63 drinking water
samples from 7 U.S. cities between 1965 and 1967 [113]. Chlordane was
found in the drinking water of Chattanodga, TN sampled on March 24,
1976 at concn up to 1,200 ppm [63]. GROUND WATER: Chlordane was
detected in 433 of 1076 samples collected in NJ between 1977-1979 with
max concn of 0.4 ppb [100]. Chlordane (unspecified isomers) had
confirmed detections in Mississippi (1.80 ppb maximum concn - normal
agricultural use origin), Indiana (0.04 ppb maximum - point source
origin), and Kansas (7.90 ppb maximum - unknown origin) [134].

Chlordane was detected, but not quantified, in 4 out of an unspecified

number of samples of ground water in California (detection limit and
chlordane isomers not specified) [30]. Technical chlordane residues were
found in ground water samples collected quarterly from 3 of 4 golf
courses on Cape Cod between April 1986 and August 1987; the average
concn at the positive golf courses ranged from 0.11 wo 2.59 ppb and the
overall range of concn was not detected (detection limit not specified) to
7.20 ppb [31]. The presence of chlordane in the golf course ground water
samples was suggested to be due to either facilitated transport (i.e.,
macropore flow) or to cross contamination during well installation [31].
Chlordane (unspecified isomers) was found in one of 103 farmstead wells
in Kansas sampled from December 1985 through February 1986 [119].
SURFACE WATER: Chlordane was detected in 340 of 603 samples
collected in NJ between 1977-1979 with a max concn of 0.8 ppb [100].
cis- and trans-Chlordane have been positively detected in 56% of 820-
827 USEPA STORET reporting stations; chlordane has been positively
detected in 40% of 5250 reporting stations [117]. An average chlordane
concn of 0.059 ppb was found in nearshore tributary waters of Lake
Superior in 1973-1976 [74]. y-Chlordane levels of 0.4-1.2 ppb were found
~in the lower Mississippi River during continuous monitoring in 1974

[19]. Mean concn of 0.1- 0.4 ng/L were found in the Grand and Saugeen
rivers (Ontario) in 1975-1977 [44]. Chlordane was found occasionally
(<10% of samples positive) at up to 47 ng/L in water samples collected
in 1975-1977 from streams in 11 agricultural watersheds in Ontario,
Canada [45]. During 1975-1980 national surface water monitoring
program, chlordane occurred in the surface water of 0.6% of the 177

98

stations in :

" RAINWAT}

less than 0.0
Enewetak A
detected in <
ppt [13]. yv-Ci
rural areas o1
at concn ran:
tans-isomers
South Caroli
1979 at con
Chlordane w
Bermuda dur
0.486, 48 and
was found in
between Jan 1
avg concn 2.

Effluent Coi
3.0% of 663 ¢
system [117].
Program have
Lake Quinsig:
qualitatively
factories [1153
sludge from u

Sediment/Soi
(50 sites/city)

with positive «
National Soil:
1483 samples
[26]; positive

made in 1971

of 165 of 15C
range of conc
7.4% to 42.3¢
1970 at concr
were found in




: New South
so contained
found in the
oncn ranging
rinking water
‘hlordane was
>n March 24,
‘hlordane was
77-1979 with
:somers) had
ncn - normal
point source
tigin) [134].
1 unspecified
.on limit and
‘esidues were
3 of 4 golf
: the average
" ppb and the
specified) to
sround water
ansport (i.e.,
alladon [31].
mstead wells
- 1986 [119].
603 samples
.8 ppb [100].
36% of 820-

:n positively.

2e chlordane
ers of Lake
> were found
ing in 1974
and Saugeen
occasionally
les collected

in Ontario,

monitoring

of the 177

Chlordane

stations in the U.S. tested; a total of 2943 samples were taken [58].
RAINWATER: A mean chlordane (total of o- and ¥y-isomers) concn of
less than 0.02 ng/L was detected in the rainwater collected at the remote
Enewetak Atoll in the N Pacific Ocean in 1979 [8]. Chlordane was
detected in 4 Hawaiian rainwater samples from 1971-2 at levels of 1-3
ppt [13]. y-Chlordane was detected in unfiltered rainwater from urban and
rural areas of Ontario, Canada, sampled between April and August 1981
at concn ranging from 0.1 to 0.9 ng/L [84]. Chlordane (total of cis- and
tans-isomers) were detected in unfiltered rainwater from coastal suburban
South Carolina sampled spring through fall in the years 1977 through
1979 at concn ranging from less than 0.2 to 5.9 ng/kg rain [84].
Chlordane was found in 35 of 36 samples of rainwater collected in
Bermuda during 1983 and 1984 at maximum, median and avg concn of
0.486, 48 and 77 ng/L, respectively [73]. Chlordane (unspecified isomers)
was found in 24 samples of rainwater collected in College Station, TX
between Jan to May 1979 at concn ranging from 0.60 to 9.1 ng/L and an
avg concn 2.14 ng/L [10].

Effluent Concentrations: Chlordane has been positively detected in
3.0% of 663 effluent reporting stations in the USEPA STORET data base
system [117]. Preliminary results of the EPA Nationwide Urban Runoff

‘Program have found 0.01-10 ppb chlordane in stormwater runoff from

Lake Quinsigamond, MA and Kansas City, MO [32]. Chlordane has been
qualitatively identified in various wastewater effluents from chemical
factories [115]). Chlordane was found in 73% of 44 samples of sewage

_sludge from an unknown number of unspecified sites in the U.S. [48].

Sediment/Soil Concentrations: SOIL: Analysis of soil from 8 US cities
(50 sites/city) in 1969 found positive chlordane concns of 300-1590 ng/g
with positive detections/city ranging from 16-64% [132]. As part of the
National Soils Monitoring Program, chlordane was detected in 117 of
1483 samples from 37 states in 1972 at an average concn of 0.05 ppm
[26]; positive detection of 119 of 1461 soil samples from 37 states was
made in 1971 with an average concn of 0.06 ppm [25]; positive detection
of 165 of 1506 soil samples from 35 states was made in 1970 with a
range of concn of 0.01 to 13.34 mg/kg [33]. Chlordane was found in
7.4% to 42.3% of 356 soil samples taken from 14 cities in the U.S. in
1970 at concn of 0.04-13.9 mg/kg [24]. Technical chlordane residues
were found in soil core samples collected in December 1985 from three
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golf courses on Cape Cod at concn ranging from 4.75 to 4310 ppb [31].
The average concn in the top layers of soil (1 to 1.5 feet in depth) was
2278 ppb [31]. Chlordane was found in 52% of 25 samples of soil taken
from the Everglades National Park in May 1976 at concn ranging from

" <1 ppb to 4.8 ppb and averaging 2.26 ppb [106]. It was found in 43% of

7 samples of soil taken from agricultural land in Florida in May 1976 at
a maximum concn of 195 ppb and an average concn of 88 ppb [106].
SEDIMENTS: Chlordane was detected in the suspended sediment of the
Upper Chesapeake Bay at 3 depths at average concn of 0.62-0.81 ppt
[54]. Concn of 2-480 ppb were found in sediments of 32 ponds and
rivers in RI in 1970-1 with 63% of all samples positive {97]. Concn of
0.3-1.8 ng/g detected in sediment from 14 sites in the Lake Erie Basin in
1973-1976 [74]. Chlordane isomers (Y and a) were found in core
sediments (up to 250 cm deep) at concn of 34-127 ppb taken from the
NY harbor [18]. Chlordane had positive detections in 46% of 1823
USEPA STORET reporting stations [117]. Mean concns of 0.2-6 ug/kg
were found in suspended and bed sediment of the Grand and Saugeen
rivers (Ontario) in 1976-77 [44]. Concn of less than 1.0 to 3 ug/kg were
detected in sediment of the Apalachicola river (FL) in 1979 [38]. A
sediment sample from Hawaii contained: 400-5270 ppt a-chlordane;
1330-5120 ppt y-chlordane [131]. During 1975-1980 national surface
water monitoring program, chlordane occurred in the sediment of 30%
of the 171 stations tested; a total of 1014 samples were taken [58].

Atmospheric Concentrations: Chlordane concn of 0.006 to 0.015 ng/m®
were detected in the air at the remote Enewetak Atoll in the N Pacific
Ocean in 1979 [8]; concn of 1.26 ng/m® was detected at College Station
TX [8]. Chlordane was found in 0.08% of samples collected in 1970-.
1971 in 30 states with a mean concn of 144.2 ng/m’ in the positive
samples [77]. Concn of 0-0.012, 0.039-0.17 and 0.25 ng/m* were detected
in the ambient air of Bermuda, the Atlantic Ocean between Bermuda and
RI, and Providence RI. respectively, in 1973 [14]. A mean concn of
0.0094 ng/m’ was detected in Barbados (1977-78) and 0.0042 ng/m® was
detected in Newfoundland in 1977 [16]. Concn of 0.001, 0.001, 0.002
ng/m’ were found in the Southern Pacific atmosphere near American
Samoa, Peru, and New Zealand in 1979-81 monitoring [56]. Chlordane
concn of 0.036 ng/m® was detected in ambient air of the Texas Gulf coast
in summer 1982 [28]. A mean concn of 0.4 ng/m’ was detected in
ambient air monitoring of 10 US locations in 1980 with 11.4% positive
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detections out of 123 samples [27]. Chlordané_.concn of 0.0005-0.003 ng/
m’ were detected in Arctic air between 1980-83 indicating its long range
transport [95]. Chlordane was found-in the indoor air of 7 out of 9
households in Jacksonville FL. which used pesticides at concn ranging
from 0.078 to 1.7 ug/m’ and averaging 0.64 ug/m’; the pesticide was
found in the outdoor air in the vicinity of 3 of 9 of the house at concn
ranging from 0.036 to 0.21 ug/m’ and averaging 0.082 ug/m’; personal
air samples of one resident per household were found to be positive for
chlordane at 6 of 9 houses at concn ranging from 0.063 to 4.2 ug/m’ and
averaging 0.83 ug/m® [79]. Chlordane (unspecified isomers) was found
in 16 samples of air collected from two sites in College Station, TX
between Feb 1979 to Feb 1980 at concn ranging from 0.32 to 2.64 ng/m’
and averaging 1.05 ng/m’ [10]. Chlordane was found in all 12 urban
outdoor and all 12 indoor samples collected in Bloomington, IN between -
Nov 1985 and Oct 1986 at concn ranging from 0.8 to 49 ng/m® and
averaging 11 ng/m’ [3]. Chlordane was found in the following samples
of air collected from Southeastern U.S. in Aug 1985: urban outdoor air -
67% of 9 samples positive, 210 ng/m* max, 58 ng/m’ avg; indoor air,
89% of 9 samples positive, 1700 ng/m* max, 510 ng/m’; and breathing
zone air, 67% of 9 samples positive, 4200 ng/m’ max, 680 ng/m’ avg
[78]. Chlordane was found in indoor air samples collected in New Jersey
between 1976 and 1985 at levels up to 55,400 ng/m’ in living areas and
up to 610,000 ng/m’ in non-living areas; -12-34% of the living areas and
44-48% of the non-living areas contained chlordane concn >5,000 ng/m’
[40]. Chlordane was found in 73% of 498 samples of indoor air collected
1980 from military base apartments at concn up to 37,800 ng/m’ and at
an avg concn of 1,900 ng/m’ [80]. Between 1981 and 1982, chlordane
was detected in 20.1% of 3,957 samples of indoor air from military
housing at concn up to.>5,000 ng/m® [127].

Food Survey Values: In the US FDA’s Total Diet Study (market basket
survey of adult diet samples), chlordane was detected in 4 of 324 food
composites (3 potato composites at concn ranging from trace to 0.002
ppm and 1 garden fruit compaosite at a trace concn) in sampling
conducted from Oct 1980 to March 1982 [53]; it was found in 1 of 240
food composites (garden fruit at a concn of 0.003 ppm) in sampling
conducted from Oct 1979 to Sept 1980 [52]; trace concentrations were
found in 2 (potatoes, leafy vegetables) of 240 food composites while
trans-chlordane was detected in one meat-fish-poultry composite at a
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concn of 0.001 ppm in sampling conducted from Oct 1977 to Sept 1978
[103]; Trace concentrations of chlordane were also found in 2 of 240
composites in each sampling conducted between Aug 1976 to Sept 1977
and Aug 1975 to July 1976 [69,70]. In the US FDA’s Total Diet Study
(market basket survey of infant and toddler diet samples), chlordane was
detected in one of 143 toddler food composites (oils-fats at a concn of
0.005 ppm) in sampling conducted from Oct 1980 to March 1982 [50];
it was detected in one (oils-fats) of 110 toddler food composites at a
concn of 0.0001 ppm in Oct 1979 to Sept 1980 sampling [51]; trace
concn were found in one of 110 food composites for both infants and
toddlers in Aug 1976 to Sept 1977 sampling [70]. In monitoring of
pesticide residues in the total Canadian diet, chlordane was detected in
garden fruits in 1976 to 1978 sampling [86]. Chlordane has been found
in Canadian meat samples at levels ranging from 0-106 ug/kg in beef, O-
32 ug/kg in pork, and 0-70 ug/kg in fowl [111]. US Total Diet Survey
for 1988 indicated that chlordane was found in 46 out of 1170 (4%
occurrence) food items tested for pesticide residues (detection limit not
reported) [42].

Plant Concentrations:

Fish/Seafood Concentrations: Chlordane concn of 300 ng/g was
detected in channel catfish.in the Ohio River in 1975 [89]. Concn of 72-
200 ng/g were found in Iowa catfish in 1970-71 [92]. Chlordane was
found in various estuarine fish in 4 of 21 coastal states surveyed between
1972 and 1976 with positive concns of 118-290 ng/g [21]. Concn of 0.8-
14.0 ng/g found in the edible portion of fish taken near the shore of Lake
Huron [59]. An average concn of 576 ppb was detected in various
species from 22 watersheds near the Great Lakes in 1978 [130]. Concn
of 8.54 ppb was found in composite fish samples from the Wabash and
Ashtabula Rivers in OH [75]. Concn of 0-87 ng/g were detected in 20
fish species taken from Lake Erie in 1974-77 [74]. Concn of 2.39-6.43
ug/g and 0.39-0.83 ug/g were found in pike and herring, respectively,
taken from the Baltic Sea in 1982 [91]. Concn from 0-610 ng/g were
found in 48 samples (75% positive) of over 20 fish species taken from
major watersheds near the Great Lakes in 1979 [76]. Mean concn of 0-5
ng/g were found in various fish species from Lake Texoma (TX-OK) in
1979 [64]. Mean concn of 0.07-0.12 ug/g were detected in finfish from
MD waters between 1976-80 [37]. Twenty of 133 oysters collected from
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the South Atlantic and Gulf of Mexico contained chlordane; all but one '
had tissue residue concentrations greater than 0.01 mg/kg [20]. cis- and
trans-Chlordane were found in 68% of 25 whole fish composite samples
collected in 1986 from 13 sites located along a 125 mile stretch of the
Kansas River [7]. '

Animal Concentrations: Chlordane levels of 0.02-0.04 ug/g were found
in the brains, adipose tissue and muscle of 50 loons collected in 1979-80
in Ontario [46]. Concn up to 0.23 mg/kg were found in harp seals from

~ the Northwest Atlantic and Arctic between 1976-78 [108]. Median cis-

chlordane concn of 0.12-0.29 ppm were detected in carcasses of bald
eagles from 32 states between 1978-81 with about 37% of the total 293
carcasses having positive detections [105]. cis-Chlordane levels up to 1.8
ppm were found in herons with positive detection found in 24 of 69 birds
[96]. cis-Chlordane was present in 10 of 37 bald eagle carcasses collected
in 1970-71 at concn of 0.11-7.4 mg/kg (34]. Chlordane (isomers
unspecified) was analyzed for in the following categories of birds
collected in Ontario between 1972 and-1988: seed-eating birds (41 birds,
not detected (ND) 1o 0.05 mg/kg (wet tissue basis, limit of detection
0.001 mg/kg); birds feeding in an aquatic environment (65 birds, ND to
0.23 mg/kg, limit of detection 0.01 mg/kg); raptors (e.g., eagles, hawks,
and owls) (24 birds. ND tq 10.01 mg/kg, limit of detection 0.01 mg/kg);
and gulls and terns (78 birds. ND to 0.93 mg/kg, limit of detection 0.005
mg/kg) [47]. Chlordane was found in 7.5% of 20 brood combs of honey
bees collected in Connecticut between 1983 and 1985 at concn ranging
in the positive samples from 0.06 to 0.69 ppm (4]. '

Milk Concentrations: Analysis of 3618 samples of bovine milk from

27,226 dairy farms of the Illinois Cooperative Extension found average

chlordane levels of 0.01-0.06 ppm in 1972-76, 0.01 ppm in 1977-79 and
0.03 ppm in 1980-81 [118]. A median chlordane.concn of 2 ppb was
found in 1436 samples of USA human milk (74% positive detections) in
1975 [68]. 87% of 200 samples of cows’ milk in Illinois 1971-1973 were
found to be positive for chlordane; the concn found ranged from 0.02 to
0.06 mg/L and the average concentration was 50 ug/L [65,109]. All of
the human milk samples in a study in Tokyo centained the chlordane
residues oxychlordane & trans-nonachlor levels ranging from 0.1 to 1:1
ppb [90]. Oxychlordane was found in 46% of 57 human milk samples
during 1973-74 in Arkansas and Mississippi; the maximum and mean
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concn were 20 and 5 ug/L, respectively [120]. The cis- and tans-
chlordane concn in the milk of 4 healthy pregnant women averaged 154
and . 125 ppb (whole milk weight), respectively; the range of total
chlordane concn (cis- and tans-isomers) found in the four women over
the course of the 20 week study ranged from not detected to 1.354 ppb
[2]. Chlordane was not found in any of the human milk samples collected
from 1436 women living in the U.S.; however, oxychlordane, a
metabolite of chlordane, was found in 74% of the samples tested
maximum and mean concn of >500 and 95.8 ppb, respectively [112]. The
following concn of chlordane residues were found on 210 samples of
human breast milk collected in 1982 from women in 5 different regions
across Canada; whole milk: a-chlordane (1 ng/g avg of positive samples,
4 ng/g max), y-chlordane (1 ng/g avg, 2 ng/g max), wans-nonachlor (1
ng/g avg, 3 ng/g max); milk fat: a-chlordane (27 ng/g avg, 84 ng/g max),
Y¥-chlordane (10 ng/g avg, 84 ng/g max), trans-nonachlor (27 ng/g avg,
166 ng/g max) [88]. trans-Nonachlor, a-and y-chlordane were found in
99%..56%, and 73% of the samples, respectively [88].

Other Environmental Concentrations: cis-Chlordane was detected in
& black-crowned night-heron eggs collected in 1979 in WY and CO at a
range of 0.08-0.23 ppm [85]. cis-Chlordane was found in € of 28 Great
Black-Backed Gull eggs from Maine in 1977 at a range of ¢-0.50 ppm
[123]. cis- and trans-Chlordane were found in 78-81% of sampled
Canadian chicken eggs at average levels of 1-2 ug/kg [87].

Probable Routes of Human Exposure: Major general population
exposure to chlordane can occur through oral consumption of
contaminated food and inhalation of contaminated air. Occupational
exposure by dermal and inhalation routes related to the use of chlordane
as an insecticide may be significant.

Average Daily Intake: FOOD INTAKE: Based on monitoring from the
US FDA'’s Total Diet Study (market basket survey of adult diet samples),
the average daily intake of total chlordane (chlordane plus octachlor
epoxide) has been reported to be 0.004, 0.004, 0.004, 0.003, and 0.004
ug/kg body wt for fiscal years 1977, 1978, 1979, 1980, and 1981-82
respectively [52,53]. Based on monitoring of Canadian total diet samples
between 1976 and 1978, the AVDI for chlordane has been reported to be
less than 0.001 ug/kg body wt [86]. Based on monitoring from the US
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FDA'’s Total Diet Study (toddler diet samples), the average daily intake
of total chlordane (chlordane plus octachlor epoxide) has been reported
to be 0.005, 0.032, 0.003, 0.005, and 0.003 ug/kg body wt for fiscal years
1977, 1978, 1979, 1980, and 1981-82 respectively [49,50,52,53]. Based
on monitoring from the US FDA’s Total Diet Study (infant diet samples),
the average daily intake of total chlordane (chlordane plus octachlor
epoxide) has been reported to be 0.001, 0.010, <0.001, 0.003, and 0.002
ug/kg body wt for fiscal years 1977, 1978, 1979, 1980, and 1981-82
respectively [52]. AIR INTAKE: Assuming the average air concn of

chlordane ranges from 0.001 to 0.4 ng/m’, the AVDI may range from

0.02-8.0 ng. WATER INTAKE: Insufficient data. -
Occupational Exposure:

Body Burdens: A median chlordane concn of 2 ppb was found in 1436
samples of USA human milk (74% positive' detections) in 1975 [68].
Chlordane has apparently persisted on the hands of a former pest control
operator for at least 2 yr after the last known exposure [71]. All of the
human milk samples in a study in Tokyo contained the chlordane
residues oxychlordane & trans-nonachlor levels ranging from 0.1 to 1.1
ppb [90]. Chlordane was not found in any of the human milk samples
collected from 1436 women living in the U.S.; however, oxychlordane,
a metabolite of chlordane, was found in 74% of the samples tested
maximum and mean concn of >500 and 95.8 ppb, respectively [112].
Oxychlordane was found in 46% of 57 human milk samples during 1973-
74 in Arkansas and Mississippi; the maximum and mean concn were 20
and 5 ug/L, respectively [120]. Total chlordane concn (total of cis- and
tans-isomers) in the placental tissues of 4 healthy pregnant women ranged
from 5 to 137 ppb (total tissue weight basis) and averaged 42 ppb; cis-
and tans-chlordane concn in the milk of these women averaged 154 and
125 ppb (whole milk weight), respectively [2]. The range of total
chlordane concn found in the four women over the course of the 20 week
study ranged from not detected to 1.354 ppb [2]. None of the levels of
chlordane-related compounds in the blood plasma of workers chronically
exposed to chlordane decreased over a period of eight months after the
last known exposure to chlordane [125]. Technical chlordane constituents
cis- and trans-nonachlor and chlordane metabolite oxychlordane were
detected in all of the samples of human adipose tissue obtained in 1984
during autopsies of 141 persons from 6 Canadian Great Lakes cities;
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constituents o- and y-chlordane, and heptachlor as well as chlordane

metabolite chlordene were not detected in any of the samples [133]. The
following concn of chlordane residues were found on 210 samples of
human-breast milk collected in 1982 from women in § different regions
across Canada; whole milk: a-chlordane (1 ng/g avg of positive samples,
4 ng/g max), y-chlordane (1 ng/g avg, 2 ng/g max), trans-nonachlor (1
ng/g avg, 3 ng/g max); milk fat: a-chlordane (27 ng/g avg, 84 ng/g max),
y-chlordane (10 ng/g avg, 84 ng/g max), trans-nonachlor (27 ng/g avg,
166 ng/g max) [88]. Trans-nonachlor, - and y-chlordane were found in
99%, 56%, and 73% of the samples, respectively [88]. Chlordane
residues were found in 95% of 785 samples of human adipose tissue
collected in the U.S. between 1976 and 1980 at concn up to >10 ppb; 4%
of 4200 samples of human blood sera contained chlordane residues at up

to >1 ppb [93].
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Dieldrin

SUBSTANCE IDENTIFICATION

Synonyms:  (1ac,2P,2ac.,3B,6B,6ac,7B,7acr)-3,4,5,6,9,9-Hexachloro-
1a,2,2a,3,6,6a,7,7a-octahydro-2,7:3,6-dimethanonaphth(2,3-b)oxirene
a  cl
Ccl
Cl

Structure:

CAS Registry Number: 60-57-1
Molecular Formula: C,H,Cl,O

Wiswesser Line Notation: T E3 D5 C555 A D- FO ’KUTJ AG AG BG
JG KG LG ENDO EXO '

CHEMICAL AND PHYSICAL PROPERTIES

Boiling Point:

Melting Point: 175-176 °C

Molecular Weight: 380.93 -

Dissociation Constants:

Log Octanol/Water Partition Coefficient: 4.32 [38]
Water Solubility: 0.17 mg/L at 20 °C [86]

Vapor Pressure: 3.75 x 10°mm Hg at 20 °C [86]

Henry’s Law Constant: 5.8 x 10 atm m*/mole at 25 °C [95]
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Dieldrin

ENVIRONMENTAL FATE/EXPOSURE POTENTIAL

Summary: Dieldrin has been used extensively in the past as an
insecticide for com and for termite control, although it is no longer
registered for general use. Dieldrin is extremely persistent, but it is
known to slowly photorearrange to photodieldrin (water half-life - 4
months). Dieldrin release to soil will persist for long periods (> 7 yr),
will reach the air either through slow evaporation or adsorption on dust
particles and subsequent suspension in air. It will not leach into ground
water, and will reach surface water mostly through agricultural runoff.
Once dieldrin reaches surface waters, it will adsorb strongly to sediments,
bioconcentrate in fish and slowly photodegrade. Biodegradation and
hydrolysis.are unimportant processes. Fate of dieldrin in the atmosphere:
is unknown but monitoring data has demonstrated that it can be carried
long distances. Measured data demonstrate that dieldrin continues to be
a contaminant in air, water, sediment, soil, fish, and other aquatic
organisms, wildlife, foods, and humans. Human exposure appears to

‘come mostly from food. ’

- Natural Sources: Dieldrin is not known to occur naturally.

Artificial Sources: Dieldrin has been used as an insecticide mostly for
corn and in smaller amounts for termite control [42]. It is also an
environmental degradation product of the insecticide, aldrin {93]. Aldrin
and dieldrin are no longer registered as general use insecticides [93].

Terrestrial Fate: Dieldrin released to soils will persist for extremely
long periods of time (>7 yr). Its low water solubility and strong
adsorption to soil makes leaching into ground water unlikely. Small
amounts may volatilize from soil or be carried on dust particles into the

~air. Soil runoff will carry particle-associated dieldrin to water systems

[77]. | -

Aquatic Fate: Dieldrin released to water systems will not undergo
hydrolysis or appreciable biodegradation. It will photorearrange to
photodieldrin ~ with a half-life of approximately 4 months.
Photorearrangement will be somewhat faster in waters containing
photosensitizers. Adsorption to sediments and bioconcentration in aquatic
organisms are likely to be important aquatic processes. Evaporation from
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water may be an important process, but conflicting data are available
(half-life of hr to months). In a modeling study of a reservoir, it was
concluded that 40% of the inflow was lost to the bottom via
sedimentation, 50% released through the outflow because of the short
detention time, and 10% will go to fish because of the high biomass
concentration in the reservoir [77]. At low flow conditions, the sediment
will become a net source of dieldrin in water via desorption and pore
water diffusion through sedxment [77].

Atmospheric Fate: Little is known about the fate of dieldrin in the -

atmosphere. Because of its low vapor pressure and high Koc, dieldrin is
probably associated with particulate matter in air. Vapor phase
photodegradation has been reported but its rate is not known. The
observed long distance transport of dieldrin in air is indicative that it has
a long residence time.

Biodegradation: Dieldrin is not biodegraded in standard screening tests
[88] and is extremely persistent in soils [73] under both aerobic and
anaerobic conditions [16]. It took 7
disappear from soil field plots [62]. No biodegradation in river waters has
been noted [78,23]. There is some evidence that microorganisms can
form photodieldrin from dieldrin [56,62]. A mixed anaerobic population
degraded dieldrin with the formation of two dechlorinated products [58].
However, no or little biodegradation was observed with activated sludge
under anaerobic digestion [5,49].

Abiotic Degradation: Hydrolysis is not an important degradation process
for dieldrin in water [13.,23]; half-life is greater than 4 years [13].
Estimated hydrolysis half-life at pH 7 is 10.5 years [26]. When irradiated
with sunlight, dieldrin degrades to photodieldrin [13]; in distilled water,
the half-life is approximately 2 months [13]. Dieldrin photodegradation
to photodieldrin is aided by rotenone and to a lesser extent by natural
triplet sensitizers, such as chlorophyll [44]. Vapor phase photodegradation
of dieldrin to photodieldrin has also been noted [18], but no data are
available to estimate the rate of atmospheric photodegradation [13]. The
observed degradation was only 1% when dieldrin adsorbed on silica gel
was irradiated for 17 hr. with light of wavelengths greater than 290 nm
[33]. Therefore, photodegradation of particle-sorbed dieldrin may not be
important.
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Bioconcentration: Moderate to significant bioconcentration (100 to
10,000) in various aquatic species [13]. BCF of 3-6000 in fish [60,73].
Estimated log BCF reported as 4.10 [43]. The biotransfer factor defined

as the ratio of concn in food (mg/kg) over daily intake of dieldrin .
(mg/day) from beef, milk and vegetable are 0.008, 0.011 and 0.098,

respectively [91].

Soil Adsorption/Mobility:-Measured log Koc value range 3.87-4.08
[11,46]. Rf value for soil thin layer chromatography- 0.00 [11,39). Even

~ with high temperatures and prolonged leaching, dieldrin will be immobile

in most soils [25].

Volatilization from Water/Soil: Conflicting data exist on the rate of
evaporation of dieldrin from water [4]. Its experimental volatilization rate
is 5% of the oxygen reaeration rate [4]. Using oxygen reaeration rates for
ponds, rivers, or lakes [80], the half-life for evaporation would be 72, 14,
and 57 days, respectively. However, in another study using distilled and
natural waters with gentle agitation, the half-lives for evaporation were
6 to 9 hr [13]. Using a Henry’s Law constant of 5.8 x 107 atm m*/mole
[95], the evaporation half-life from a model river of depth 1 m, flowing

at a current velocity of 1 m/sec and a wind velocity of 3 m/sec is

estimated [55] to be 1.4 days. When adsorption to suspended matter and
sediment is considered, the evaporation half-life will be higher than the

estimated value of 1.4 days. Dieldrin’s low vapor pressure (3.75 x 10 .

mm Hg at 20 °C) [86], suggests only limited evaporation from soil ‘which
agrees with terrestrial microcosm studies [35] and various field studies
[72]. Volatilization increased as moisture content of the soil increased
[72]. Land disposal of dieldrin to a silt loam soil at initial application

rates of 7.5 ug/cm’ at a depth of 0.5 cm and 14 ug/cm® at a depth of 11

cm resulted in volatilization rates of 105 and 340 ng/cm’-day,
respectively after two days of disposal [90].

Water Concentrations: DRINKING WATER: Hawaii 0.3 ppt avg,

1970-71; Virgin Islands 0.19 ppb in 50% of cistern waters [42]; New
Orleans - 3 plants 0.05-0.07 ppb [48]. Rural counties, SC 37% pos, 0-153
ppt. 55 ppt mean [74]. GROUND WATER: Nebraska, 1978 below
detection limit (5 ppt) [81]. NJ 1977-1979- 604 samples, trace (0.1
ppb)-90th percentile, highest value 0.9 ppb [64]. SURFACE WATER: US
rivers and lakes 0-0.1 ppb 1960’s-1972 [42]. Dutch rivers 1967-1977
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0.02-0.06 ppb max values, not detectable in last 2 yr [96]. NJ 1977-79
(604 samples), trace (0.1 ppb)-90th percentile [64]. Ontario 11
agricultural watersheds 1.6-1.7 ppt overall mean 1975-77 [32]. South
Florida 1968-72- 367 samples 11% pos [57]. Lake Ontario water
collected in 1983- 0.26-0.63 ng/L [8]. RAINWATER: Great Lakes
collected in 1976-1977-range of mean concn 0.5-2.6 ppt [50]. Avg.
rainwater concn range 5-42 ppt [42]. Lake Superior in 1983- 0.56 ng/L

_ (84].

- Effluent Concentrations: Municipal effluent 0.004-0.052 ppb [50].

Foundries water effluent 6 samples, 6 pos 5 ppb avg; textile mills 50
samples, 1 pos 0.2 ppb [94]. Detected in 3.7% of 676 U.S. effluent
samples at a median concn less than 0.01 ppb [83].

Sediment/Soil Concentrations: SEDIMENT: Illinois lakes 0-34 ppb
[70]; South Florida 1968-72- 287 samples 55% pos, 0.1-900 ppb, median
1 ppb [57]; Lake Erie 255 samples 1.6 ppb mean, Lake Huron 0-4.5 ppb,
Lake Michigan <5 ppb [50]. Upper Rockaway River, NJ- 0.1-5:2 ppb and
level increased with increase in organic carbon content of sediment [79].
SOILS: US Agric - 1972, 1481 samples, 27% pos, 0.04 ppm mean [15].
Urban, 1971, 5 cities, 380 total samples 7-29% pos, < 0.01-0.06 ppm,
mean [14].

Atmospheric Concentrations: Airborne dust in London, England- 0-8.1
ppb [42]. Orlando, FL- 1.9 ppt [82]. USA 1970-71 98% pos 0.1 ppt mean
[52]. Great Lakes 0.0006-0.006 ppt, 0.003 ppt mean [24]. Barbados
1977-78 19 samples, 13 pos 0.00033 ppt, total mean; Newfoundland,
1977- 6 samples, 6 pos, 0.00055 ppt mean [9]; Boston, MA and
Columbia, SC, June-Aug 1978, 0.002 ppt and 0.025 ppt, respectively
[10]. Enewetak Atoll, N Pacific - 17 samples, 0.00063 ppt mean [3].
College Station, TX in 1979- air, 0.08 ng/m’ avg; rainfall, 0.80 ng/L avg
[2]. Level in Canadian arctic snow in 1986- 0.17-1.63 ng/L [36]. This is
evidence of long range atmospheric transport of dieldrin [36]. Detected
in 5 indoor and 3 outdoor air of 9 homes in southeastern U.S. known to
have been treated with pesticides for termite control [53].

Food Survey Values: Cheese - domestic 784 samples, 34.2% pos, 0.031
ppm avg; imported 5471 samples, 22.7% pos, 0.015 ppm, avg [22]. Red
meat 15200 samples, 50.7% pos, 0.047 ppm avg [22]. Poultry 11340
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samples, 72.5% pos, 0.054 ppm, avg {22]. Eggs - domestic 2303 samples,
15.5% .pos, 0.012 ppm, avg [22]. Large fruits - domestic 3281 samples,
7.4% pos, 0.002 ppm avg; imported 1048 samples, 7.9% pos, 0.002 ppm,
avg; small fruits - domestic 1445 samples, 6.4% pos, 0.002 ppm, avg,
imported - 2119 samples, 2.1% pos, 0.0007 ppm. avg [22]. Leaf and stem
vegetables domestic 5319 samples, 2.5% pos, 0.0006 ppm, avg; imported
312 samples, 1.8% pos, 0.0003 avg [22]. Vine and ear vegetables
domestic 2954 samples, 10.5% pos, 0.003 ppm, avg; imported 4117
samples, 17.6 pos, 0.004 ppm avg [22]. Also frequently detected in
beans, root vegetables, whole grains, corn and corn products, cotton seeds

and cotton seed products, peanuts and. peanut products, soybeans and

soybean products, miscellaneous animal feed and hay and dehydrated hay

- [22]. 1971-76 average dietary intake 0.00004 mg/kg body weight/day’

[22]. Positive composites - % daily intake (ug): 1971-30.8% (3.0),
1972-26.2 (2.0), 1973-29.7 (3.0), 1974-25.8 (4.0), 1975-23.8 (3.0),
1976-24.6 (3.0) {22]. Of 19,851 domestic and imported food and feed
commodities analyzed during 1981-1986, dieldrin was detected in 457
samples at non-detected-0.05 ppm and in 12 samples at greater than 0.05-
0.10 ppm {54]. Canadian food composites in 1985- leafy vegetables,
0.0031 ppm; fruit, 0.00011 ppm; root veg., 0.023 ppm; milk, 0.0019;
eggs/meat, 0.0031 ppm [20]. U.S. domestic and imported agricultural
food and feed sampled in 1981-1986- of a total of 6301 domestic
samples, detected at non-detected- 0.05 ppm in 42 samples and greater
than 0.05-0.10 ppm in 2 samples; of a total of 12,044 imported samples,
detected at none detected-0.05 ppm in 411 samples and greater than 0.05-
0.10 ppm in 9 samples [40]. Detected at a frequency of 10% in total U.S.
diet study in 1988 [29].

Plant Concentrations: USA 1972 variety crops means of <0.01-0.21
ppm [14]. - :

. Fish/Seafood Concentrations: Fish from Illinois lakes ND-410 ppb [70];
Lake Superior trout 0.028 ppm mean, all stations (24 fish) [87];
Wisconsin river fish 0.008-0.022 ppm [66]; Great Lakes fish 0.01-0.25
ppm [50] fish fat 0.002-6.7 ppm, whole fish 0-1.59 ppm [42]; Great
Lakes white fish 13-215 ppb [47]; Fish in Lake Texonia, TX and OK
0-144 ppb {41]; USA 1972-76 Nat Pest Monit Program, estuarine fish
1972-7% pos, 140 ppb max, 1976 0% pos [12]; US 1970-74 Nat. Pest.
Monit. Prog freshwater fish 1970-100% pos 1.1 ppb lipid mean,
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1974-53% pos 0.6 ppb lipid, mean [76]. Pacific oysters 1972-73 ND-(0.39
[85]; marine fish and seafood 0.1-140 ppb [68]; marine fish and seafood
1-12000 ppb.[67]; fish 1970-76 domestic 2901 samples, 46.3% pos,

- 0.045 ppm, avg; imported -.361 samples, 23.5 pos, 0.013 ppm, avg [22];
shellfish 1970-76 domestic 291 samples, 27.5% pos, 0.005 ppm, avg;
imported 152 samples, 12.4% pos, 0.002 ppm avg [22]. Bluefish (whole)
from MA collected in 1986- uncooked, 0.01-0.04; cooked, 0.01-0.05 [92].
Mean concn (ppm) in fillets of 3-yr-old fall run coho salmon collected
from different lakes in 1984- Superior, 0.01; Huron, 0.02; Michigan,
0.01; Erie, 0.01; Ontario, 0.02 [21]. There is a decreasing trend in concn
in fish fillet from 1980 to 1984 [21]. '

Animal Concentrations: Seabirds - Bay of Fundy, Canada 0.01-3.56
ppm [34]; Missouri, gray bats, 1976-78 600-900 ppm lipid [17]; Great
Lakes birds ND-0.36 ppm [50]. Birds 0.01-0.4 ppm, fatty tissue, 0.6-4.3
ppm liver; eagles - trace - 6 ppm, birds eggs 0.01-1.5 ppm [42]. USA
Ospreys, 1964-73, ND-3.8 ppm [98]. Seals - Gulf of St. Lawrence 1971
<0.002-0.32 ppm [71]; herons, 1966-73 Great Lakes 103 samples, 62 pos,
0.14-14 ppm [63]; loons, Ontario, Canada 1968-80 0.13-1.57 ppm [31].
USA Nationwide starlings- per cent positive samples for dieldrin and
aldrin combined between 1972 and 1978 ranged from 92.3-100% with
avg residues of 0.04-0.09 ppm. This dropped radically to 61.4% pos and
0.07 ppm avg in 1979 to 4.5% and 5.9% pos in 1980 and 1981 with
<0.001 ppm avg residues [97]. Concentration in blubber tissue of seals
collected from coast of England - 0.16-0,23 ppm weight wt [51].
Similarly, dieldrin has been detected in arctic cod muscle and in the
bubbler and liver of arctic seals [61].

Rt

Milk Concentrations: In U.S. and Canada avg concn in milk fat- 0.03
to 0.04 ppm [42]. Cow’s milk from Binghamton, NY collected in 1986-
1987- ultrapasteurized, 0.006 ppm (lipid basis); Crowley milk, 0.003 ppm
[lipid basis] [75].

Other Environmental Concentrations: Herring gulls collected in 1981-
egg, 2.11 mg/kg fat avg; S-day-old chick, 3.98 mg/kg fat avg [6]. Whole

[28]. Level of dieldrin in seabird eggs were lower in the mid 1980s than

those in 1970s [27]. Others have detected dieldrin in eggs of seabirds in
the northwest Atlantic {65]. Residue level (ppm weight wt) in fat of
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wintering ducks in Niagara River, NY during 1984-1985- 0.10-0.69 [30].
House dust from Seattle, WA- 1.1 ppm and contaminated soil has been
speculated to be the source [69].

Probable Routes of Human Exposure: Dieldrin is a very persistent
insecticide and even though it is not used extensively now, residues are
still detected in water, soils, sediments, fish, and food. Major general
population exposure will occur through consumption of food including
consumption of fish from water bodies that have high levels of dieldrin.

Average Daily Intake: AIR INTAKE (assuming air concn 0.002-0.02
ppt and 20 m*/day air inhalation) 0.0006-0.006 ug/day. WATER INTAKE
(assuming drinking water concn 0-0.07 ppt and 2 L/day water
consumption) 0-0.00014 ug/day. FOOD INTAKE 1971-1976, 3 ug/day
avg [22]. U.S. dietary intake (ng/kg body wt/day) for different age and
sex group in 1982-1984- 6-11 months, 10.1; 2 yr, 15.9; 14-16 female,
5.8; 14-16 male, 7.5; 25-30 female, 5.6; 25-30 male, 6.8; 60-65 female,
5.2; 60-65 male, 5.6 [37]. Estimated daily dietary intake (ng) from
different Canadian food composites in 1985- fruit, 5.2; leafy veg., 260;
root veg., 1875; milk, 123; egg/meat, 510 [20].

Occupational Exposures:-Estimated intake to occupationally exposed
workers- 0.72 to 1.10 mg/man/day compared to 0.025 mg/man/day for
general population [42]. Estimated potential exposure during orchard
spraying- 14.2 to 15.5 mg/hr for dermal and 0.03 to 0.25 mg/r for
inhalation {42]. Whole blood concn in wine growers- 0.02-1.19 ug/L
(range), 0.21 ug/L (median); normal group- 0.01-0.38 ug/L (range for
1977), 0.09 (median for 1977), 0.02-0.93 (range for 1982), 0.09 (median
for 1982) [7].

Body Burdens: HUMAN MILK - mainland USA 102 samples, 91.2%
pos, 0.062 ppm lipid basis, mean; Hawaii 54 samples, 94.4% pos, 0.042
ppm, mean [89]; Canada, 16 samples, 1.0-1.8 ppb whole milk [59].
Alberta, Canada 1966-70 - 59 samples, 39% pos, 0.180 ppm-lipid basis,
mean, 1977-78 - 33 samples 97% pos, 0.025 ppm, mean {19] USA 1975

1436 samples, 80% pos, 0.16-0.44 ppm milk fat [45] Various countries

0.009-3.78 ppm milk fat [45]. Germany, 0.02 ppm avg [75] HUMAN
FAT - Various countries 1971-77 0.069-0.29 ppm [1]. BLOOD -
Canadian, maternal, during lactation, trace-0.2 ppb [59].
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SUBSTANCE IDENTIFICATION

Synonyms: 1 ,4,5,6,7,8,8-Heptachloro-3a,4,7,7a-tetrahydro-

4, 7-methanoindene

Cl
Structure:
Cl
g
ci\ d
Cl :

CAS Registry Number: 76-44-8

Moleculaf Formula: C,,H,Cl,

Wiswesser Line Notation: ,
CHEMICAL AND PHYSICAL PROPERTIES

Boiling Point: 145 °C at 1.5 mm Hg

Melting Point: 95-96 °C

Molecular Weight: 373.35

Dissociation Constants:

Log Octanol/Water Partition Coefficient: 5.27 [72]

Water Solubility: 0.18 mg/L [13]

" Vapor Pressure: 4 x 10* mm Hg at 25 °C [77)

Henry’s Law Constant: 1.48 x 107 atm-m*/mole [85]
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Heptachlor

Summary: The use of heptachlor in the United States was restricted to
the control of termites in 1983 and its release to the environment will
result from this use. Release of heptachlor to soil surfaces will result in
volatilization from the surface, especially in moist soils, but volatilization
of heptachlor incorporated into soil will be slower. Hydrolysis in moist
soils is expected to be significant. In soil, heptachlor will degrade to 1-
hydroxychlordene, heptachlor epoxide and an unidentified metabolite less
hydrophilic than heptachlor epoxide. Biodegradation may also be
significant. Heptachlor is expected to adsorb strongly to soil and,
therefore, to resist leaching to ground water. Release of heptachlor to
water will result in hydrolysis to 1-hydroxychlordene (half-life of about
1 day) and volatilization. Adsorption to sediments may occur.
Biodegradation of heptachlor may occur, but is expected to be slow
compared to hydrolysis. Bioconcentration of heptachlor may be
significant. Direct and photosensitized photolysis may occur but are not
expected to occur at a rate comparable to that of hydrolysis. In air, vapor
phase heptachlor will react with photochemically generated hydroxyl
radicals and ozone with estimated half-lives of 6 and 1.5 hours,
respectively. Direct photolysis may also occur.

Natural Sources:

Artificial Sources: As of 1983, the use of heptachlor as an insecticide
has been restricted to termiite control [38]. Based on monitoring data,
mean loadings of heptachlor in treated wastewater in kg/day were coal
mining, 0.0081; foundries, 0.030 and nonferrous metals manufacturing,
0.0008 [80]. Total loading of heptachlor to Lake Ontario from the
Niagara River were less than 83 kg/yr, less than 79 kg/yr, and less than
79 kg/yr in 1980, 1981, and 1982, respectively [44]. '

Terrestrial Fate: The half-life of heptachlor in soil was calculated to
range from 0.4 to 0.8 years based on data collected in Mississippi, New
Jersey and Beltsville, MD [1]. The mean disappearance rates of
heptachlor from soil ranged from 5.25 to 79.5% per year, depending upon
the soil type and mode of application of the insecticide [69]. The highest
rate was observed in sandy soil following an application of a granule
formulation. Soil incorporation also led to rapid disappearance rates in all
soil types [69]. A water emulsion of heptachlor was applied to soils from
six states and quantified initially and after 12 months. The results listed
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by state were: Arkansas, 746 to 117 ppm; Florida, 841 to 93 ppm;
Hawaii, 817 to 77 ppm; Maryland, 775 to 122 ppm; Missouri, 758 to 103
ppm; Oregon, 741 to 156 ppm; and South Carolina, 774 to 62 ppm [18].
In soil, heptachlor will degrade to 1-hydroxychlordene, heptachlor
epoxide and an.unidentified metabolite less hydrophilic than heptachlor
epoxide [56]. Heptachlor is expected to adsorb strongly to soil and,
therefore, resist leaching to ground water. Volatilization from soil
surfaces, especially wet ones, will be significant. Heptachlor incorporated
into the soil will resist volatilization. Hydrolysis of heptachlor in moist
soils is expected to be significant. Biodegradation may be important,
especially under anaerobic conditions. '

Aquatic Fate: A river die-away laboratory test was conducted with
heptachlor in raw water from the Little. Miami River in Ohio. The river
receives domestic and industrial wastes and farm runoff. After 1 week,
75% of the.initial heptachlor had disappeared and the heptachlor was
100% degraded after 2 weeks [26]. Chemical hydrolysis is expected to
be the predominant fate of heptachlor in water, with half-lives of 23.1 h
in unbuffered water [16] and 4.48 days at pH 7 in 99:1 water:ethanol
[20]. Bioconcentration in fish may also occur and volatilization of
unadsorbed heptachlor may be significant. Due to its high soil/sorption,
coefficient, heptachlor is expected to adsorb to sediments. Biodegradation
may also be significant, but is expected to occur relatively slowly
compared to hydrolysis.

Atmospheric. Fate: Based upon the vapor pressure, heptachlor is
expected to exist almost entirely in the vapor phase in ambient air [27].
In the atmosphere, vapor phase reactions with photochemically produced
hydroxyl radicals and ozone may be important fate processes. The rate
constant for the vapor-phase reaction of heptachlor with photochemically
produced hydroxyl radicals has been estimated to be 6.57 x 10"
cm’/molecule-sec at 25 °C, which corresponds to an atmospheric half-life
of about 6 hours at an atmospheric concentration of 5 x 10> hydroxyl
radicals per cm’ [8]. The rate constant for the vapor-phase reaction of
heptachlor with ozone has been estimated to be. less than 2.0 x 10'°
cm’/molecule-sec at 25 °C which corresponds to an atmospheric half-life
of about 1.5 hours at an atmospheric concentration of 7 x 10*'! molecules
per cm’ [7]. In addition, heptachlor may directly photolyze in the vapor
phase. The low water solubility and the short atmospheric residence time
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of heptachlor indicates that physical removal from air by wet deposition
(rainfall and dissolution in clouds, etc.) is of limited importance.

Biodegradation: The products resulting from the incubation of
heptachlor with a mixed culture of "soil microorganisms were
chlordene(7%), 1-exohydroxychlordene, heptachlor epoxide (<0.04%) and
chlordene epoxide (<0.02%) which were formed after 2 weeks [57].
Biodegradation of heptachlor by soil microorganisms produced heptachlor
epoxide and chlordene [58]. Mixed cultures of Pseudomonas sp. in water
were capable of growing on heptachlor [14]. The products were
chlordene, 1-hydroxy-2,3-epoxychlordene and heptachlor epoxide [14].
When heptachlor was aerobically incubated with acclimated, mixed

microbial cultures, an average of 95.3% of the initial heptachlor was -

removed in 4 weeks [46]. The biodegradation of 1 mg/L heptachlor was
said to occur immediately [46]. Anaerobic incubation of 10 ppm
heptachlor with thick sludge at 53 °C resulted in complete degradation in
about 1 day [39]. Degradation of heptachlor in flooded Casiguran sandy
loam (1 month) and Luisiana clay (2 months) was complete (initial level
about 13 ppm) and nearly complete in Maahas clay (3 months) [19]. In
Pila clay loam, degradation proceeded to only about 5 ppm from the
initial level of about 13 ppm after 3 months [19].

Abiotic Degradation: The, first order hydrolysis rate constant of
heptachlor is 0.03 hr' at 29.88 °C [16]. This corresponds to a half-life of
23.1 hr. The hydrolysis product is I1-hydroxychlordene [16]. The
hydrolysis half-lives of heptachlor in a series of 99:1 water:ethanol
phosphate buffers were 5.39, 4.34, 4.48, 4.48, and 3.01 days at pH values
of 4.5, 5.0, 6.0, 7.0, and 8.0, respectively [20]. Heptachlor absorbs UV
light weakly above 290 nm [32] and thin films of heptachlor have been
shown to undergo direct photolysis when exposed to sunlight and
artificial light sources >290 nm [16]. The products were two
dechlorinated photoproducts and heptachlor epoxide [16]. Heptachlor at
1.35 x 107to 1.0 x 10 M irradiated for >180 min at >290 nm degraded
by about 5 to 10% ([53]. Photoheptachlor was the photoproduct [53].
Heptachlor also undergoes photosensitized photolysis in the presence of
benzophenone [16]. Heptachlor is converted to its corresponding
photoisomer and several minor products on exposure to low intensity
(longwave) UV light [66]. This photolysis can also take place on plant
leaves in presence of sunlight or UV light [66]. Under conditions of
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sunlight or ultraviolet light, heptachlor, 1-exo-hydroxychlordene, or 1-
4,5,6,7,8,8-hexachloro-3a,4,7,7a-tetrahydro-4,7-methanionden-1-ol  was
photodegraded forming a cyclic ketone 1,1a,2,2,3-ex0-6-hexachloro-
1a,2,3,3a,5a,5b-hexahydro-1,3-methano-1H-cyclobuta(cd)pentalen-4-one
[65]. Direct and photosensitized photolysis of unadsorbed heptachlor
may, therefore, occur in the environment. The rate constant for the vapor-
phase reaction of heptachlor with photochemically produced hydroxyl
radicals has been estimated to be 6.57 x 10" cm’/molecule-sec at 25 °C,
which corresponds to an atmospheric half-life of about 6 hours at an
atmospheric concentration of 5 x 10"’ hydroxyl radicals per cm® [8]. The
rate constant for the vapor-phase reaction of heptachlor 'with ozone has
been estimated to be less than 2.0 x 10'° cm*/molecule-sec at 25 °C
which corresponds to an atmospheric ‘half-life of about 1.5 hours at an
atmospheric concentration of 7 x 10" molecules per cm’ [7].

Bioconcentration: Leiostomus xanthurus (spot) was exposed to technical
heptachlor for a duration of 24 days and exhibited a whole body
bioconcentration factor ranging from 5,744 to 8,282 [71]. Edible tissue
from the same organism exhibited a bioconcentration factor of 4,686 for
the same duration of time. The initial concentration of heptachlor was not
specified [71]. Pimephales promelas (fathead minnow) was exposed to
heptachlor for 32 days and exhibited a bioconcentration factor of 9,500
[83]. Bioconcentration factors (BCF) of heptachlor are 3,800 in mosquito
fish [16], 3,600 for a 72 hour test, 7,400 for a 96 hour test in spot [16],
21,379 in sheepshead minnows [89], 19,952 in fathead minnows [89] and
17,400 in an unidentified fish species [41]. The BCFs of heptachlor in
snails, alga and oysters are 37,000 [16] and 21,000 [16], and 18,000 [11],
respectively. Bioconcentration may be limited, however, by the rapidity
of heptachlor hydrolysis to 1-hydroxychlordene and the adsorption of
heptachlor to sediments [16].

Soil Adsorption/Mobility: Heptachlor is considered to be a moderately

persistent compound, with a half-life of 6 months in the soil [79].
Heptachlor was added to soil columns containing Hagerstown silty clay
loam and Lakeland sandy loam which were then subjected to the upward
movement of water at an undisclosed rate [36]. After 3 days, all the
heptachlor was detected at the initial column depth, indicating no
tendency to leach in these soils [36]. The log soil-sorption coefficient
(Koc) of heptachlor was estimated to be 4.48 [41]. Based on this value,
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strong adsorption of heptachlor to soil is expected and heptachlor should
not extensively leach to ground water [41].

Volatilization from Water/Soil: WATER: The volatilization half-life of
heptachlor from aquatic media is estimated to be 2 to 10 days from pond,
river, and lake water [78]. Estimates indicate the evaporative half-life of
heptachlor in aquatic media appears to be longer than that of 1 to 2 days
for chlordane [78]. The Henry’s Law constant was used to estimate the
volatilization half-lives of heptachlor from model streams, rivers and
lakes. The wind velocity was assumed to be 3 m/s. The current velocities
of the streams, rivers and lakes were assumed to be 2, 1, and 0.01 m/s,
respectively, the depths of the streams and rivers 1 m and that of the
lakes 50 m. The estimated volatilization half-lives were 3.376 hr, 6.252
hr and 6780.4 hr (282 days) for the streams, rivers and lakes, respectively
[51]. It should be noted that these values apply strictly to dissolved
heptachlor and that any process such as adsorption to sediments which
limits the amount of dissolved heptachlor will increase these half-lives.
SOIL: Fifty hours following the application of heptachlor to a dry soil
surface, 14 to 40% of the heptachlor had volatilized and 6 h and 6 days
after application of heptachlor to a moist soil surface, 50% and 90% of
the heptachlor had volatilized, respectively [31]. Only 7% of heptachlor
incorporated 7.5 cm into soil, however, had volatilized after 167 days
[31].

Water Concentrations: SURFACE WATER: Of the 4650 stations
reporting heptachlor in ambient water in EPA’s STORET database,
34.0% contained detectable levels of the chemical with a median
concentration of 0.001 ug/L [76]. Heptachlor was listed as a contaminant
of the Great Lakes including Lakes Ontario, Erie, Huron, Michigan and
Superior [33]. In 1980, heptachlor was detected in the waters of Lake
Pontchartrain Inner Harbor Navigation Canal at a concentration of 0.6
ng/L at an ebb tide of 1.5 m and at concentrations ranging from 9.1 to
9.3 ng/L at flood tides of 1.5 to 10 m [55]. Heptachlor was detected with
a 21.4% frequency of occurrence for 604 samples of surface waters from
New Jersey collected from 1977 to 1979 [64]. Heptachlor was detected
in Mississippi River water at Louisiana at concentrations ranging from
undetected levels to 2.4 ng/LL for the summer to winter of 1974 [15].
Heptachlor was detected in Shatt al-Arab River, Iraq at concentrations
~ranging from 2 to 19 ng/L with respective mean and median
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concentrations of 10 and 9 ng/L and with a 100% frequency of -
occurrence [23]. At a second sampling location, heptachlor was detected
in Shatt al-Arab River, Iraq at concentrations ranging from 50 to 91 ng/L
with respective mean and median concentrations of 79 and 76 ng/L and
with a 100% frequency of occurrence [23]. Heptachlor was detected in
Tigris River, Iraq at concentrations ranging from 10 to 39 ng/L. with
respective mean and median concentrations of 19 and 17 ng/L and with
a 100% frequency of occurrence [23]. Heptachlor was detected in
Euphrates River, Iraq at concentrations ranging from undetected levels to
7 ng/L with respective mean and median concentrations of 4 and 3 ng/L
and with a 70% frequency of occurrence [23]. Heptachlor was detected
in suspended particulate matter of the Shatt al-Arab River, Iraq at
concentrations ranging from 48.to 83 ng/L with respective mean and
median concentrations of 68 and 55 ng/L and with a 100% frequency of
occurrence [23]. At a second sampling location, heptachlor was detected
in suspended particulate matter of the Shatt al-Arab River, Iraq at
concentrations ranging from 153 to 204 ng/L with respective mean and
median concentrations of 186 and 164 ng/L and with a 100% frequency
of occurrence [23]. Heptachlor was detected in suspended particulate
matter of the Tigris River, Iraq at concentrations ranging from 555 to 804
ng/L with respective mean and median concentrations of 679 and 651
ng/L. and with a 100% frequency of occurrence [23]. Mediterranean
waters off the coast of Morogco contained heptachlor at concentrations

' ranging from trace quantities to 11 ppb, trace quantities to 100 ppb and

trace quantities to 3 ppb with mean concentrations of 5, 20 and 2 ppb for
8 samples each collected during the autumn, winter and spring,
respectively [42]. Throughout 1982, surface waters of the Donana
National Park, Spain contained heptachlor at concentrations ranging from
0.002 to 0.006 ppb [67). GROUND WATER: Heptachlor was detected
with a 21.2% frequency of occurrence and a maximum concentration of
1.0 ppb for 1,075 samples of ground water from New Jersey collected
from 1977 to 1979 [64]. Heptachlor was detected but not quantified in
ground water samples in New Jersey [35], California [21] and from
northern Italy [9). According to the EPA’s Pesticides in Ground Water
Database, heptachlor was detected in the ground water supplies of the
states of Kansas and Idaho at median concentrations of 0.03 and 0.02
ppb, respectively [88]. During the 1978 irrigation season, 14 ground
water samples were collected in the central plateau region of Nebraska,
an area known to have high nitrate-nitrogen levels, and were analyzed for
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the presence of 13 residues. Levels of the organochlorine insecticide,
heptachlor and its derivative, heptachlor epoxide, were all below the
detectable limits of 0.005 to 0.010 ug/L [73]. Heptachlor and heptachlor
epoxide have been detected in private dnnkmg wells at concentrations
less than 0.02 ug/L [79].

Effluent Concentrations: Of the 671 stations reporting heptachlor in
industrial effluents in EPA’s STORET database, 3.0% contained
detectable levels of the chemical with a median concentration of less than
0.007 ug/L [76]. Heptachlor residues were detected in 47 samples of
treated wastewater effluent from coal mining industries at a mean
concentration of 2.2 ug/L with a frequency of occurrence of 4.3% [82].
Heptachlor residues were detected in 11 samples of treated wastewater
effluent from foundries at concentrations ranging from 5 to 31 ug/L with
a mean concentration of 8.7 ug/L with a frequency of occurrence of
100% [82]. Heptachlor residues were detected in 55 samples of treated
wastewater effluent from nonferrous manufacturers at concentrations
ranging from undetected levels to 0.7 ug/L with a mean concentration of
0.1 ug/L [82]. Heptachlor was detected in leachate from the Love Canal
hazardous waste site at concentrations less than 10 ag/L [84].

Sediment/Soil Concentrations: SOIL: Heptachlor was detected in soil
of Bakersfield, CA at a range in concentrations of 0.02 to 0.10 ppm and
an average of less than 0.01 ppm, with a frequency of occurrence of 4%
[87]. Heptachlor was detected in soil of Houston, TX at a range in
concentrations of 0.01 to 0.02 ppm and an average of less than 0.01 ppm,
with a frequency of occurrence of 6% [87]. Heptachlor was detected in
soil of Manhattan, KN at a range in concentrations of 0.02 to 0.09 ppm
and an average of less than 0.01 ppm, with a frequency of occurrence of
10% [87]. Heptachlor was detected in soil of Miami, FL at a range in
‘concentrations of 0.01 to 0.20 ppm and an average of less than 0.01 ppm,
with a frequency of occurrence of 6% [87]. Heptachlor was detected in
soil of Milwaukee, WI at a range in concentrations of 0.02 to 0.45 ppm
and an average of 0.02 ppm, with a frequency of occurrence of 12% {87].
Heptachlor. was detected in soil of Salt Lake, UT at a range in
concentrations of 0.01 to 0.24 ppm and an average of 0.01 ppm, with a
frequency of occurrence of 12% [87]. Heptachlor was detected in soil of
Waterbury, CN at a range in concentrations of 0.01 to 0.53 ppm and an
average of 0.01 ppm, with a frequency of occurrence of 8% [87]. All the

392

samples wer
from not bei
1966 and 19
soils on the

shown to coi
levels to 0.0«
heptachlor in
detectable le
ug/kg [76]. 1
from Niagara
and median ¢
Heptachlor c:
Lawrence Ri*
sediments frc
than 0.1, 0.2.
Inlet, Drury
Creek.respec:

" the Shatt al-:

ng/L with res
and with a 1(
in surface st
ranging fron
concentration
[23].

Atmospheric
ambient air

concentration
was also dete
to 15, 1983 [
9 homes in Ja
ug/m® with a
Heptachlor w
Heptachlor w
mean concen
concentration
was 6.3 ng/m
in air above ¢
periods of 3




icide,
v the
chlor
itions

or in
ained
than
2s of
mean
[82].
~ater
with

ce of -

:ated
ions
»n of
“anal

soil
and
T 4%
e in
pm,
«d in
bpm
e of
e in
pm,

opm
871].

th a
il of
ian
the

din

~in

Heptachlor

samples were collected in 1969 [87]. Heptachlor concentrations ranged
from not being detected to 0.40 ppm in soil samples collected in 1964,
1966 and 1969 from 16 farms in southwestern Ontario [37]. Agricultural
soils on the North Coast Region of New South Wales, Australia were’
shown to contain heptachlor at concentrations ranging from undetected
levels to 0.06 ppm [54]. SEDIMENTS: Of the 1665 stations reporting
heptachlor in sediments in EPA’s STORET database, 26.0% contained
detectable levels of the chemical with a median concentration of 0.1
ug/kg [76]. From 1979 to 1981, heptachlor was detected in sediments
from Niagara-on-the-Lake with an 8% frequency of occurrence and mean
and median concentrations of 1 and less than 1 ng/g, respectively [44].
Heptachlor concentrations in all sediment samples collected from the St.
Lawrence River were less than 1 ug/kg [33]. Heptachlor was detected in
sediments from Manukau Harbor, New Zealand at concentrations of less
than 0.1, 0.2, 0.4, 0.6 and 0.4 ng/g for sampling points located at Waiuku
Inlet, Drury Creek, Pukaki Creek, Mangere Inlet and Big Muddy

Creek,respectively [30]. Heptachlor was detected in surface sediments of
the Shatt al-Arab River, Iraq at concentrations ranging from 13 to 48

ng/L with respective mean and median concentrations of 24-and 19 ng/L
and with a 100% frequency of occurrence [23]. Heptachlor was-detected

in surface sub-sediments of the Tigris River, Iraq at concentrations

ranging from 2 to 15 ng/L with respective mean and median

concentrations of 9 and 7 ng/L and with a 100% frequency of occurrence

[23]. :

Atmospheric Concentrations: URBAN: Heptachlor was detected in the
ambient air of Jowa City, IA and Orlando, FL and at average
concentrations of 19.2 ng/m’ and 2.3 ng/m’, respectively [75]. Heptachlor
was also detected in the air of Stockholm, Sweden between October 13 -
to 15, 1983 [12]. Heptachlor was detected in the ambient air outside 5 of -
9 homes in Jacksonville, Fl at concentrations ranging from 0.009 to 0.059

ug/m® with a mean concentration of 0.025 ug/m’ {47]. SUBURBAN:
"Heptachlor was detected in a study of suburban areas in 1976 [78].

Heptachlor was found to be widespread in ambient air, with a typical
mean concentration on the order of 0.5 ng/m’ [78]. The average air
concentration of heptachlor in the community with the highest reading -
was 6.3 ng/m’ [78]. SOURCE DOMINATED: The amount of heptachlor
in air above treated fields was measured to be as high as 16 ng/m® for
periods of 3 weeks after treatment [78]. In 1970, 1971 and 1972,
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heptachlor was detected in 32, 54 and 46 of 66, 60 and 64 air samples
collected within 800 m of two pesticide formulation facilities in Arkansas
at concentrations ranging from 0.4 to 2.4, 0.3 to 2.9 and 0.3 to 1.8 ng/m’
with mean concentrations of 1.2, 1.1 and 1.0 ng/m’ [48]. INDOOR: A
study of the indoor air of four houses in Bloomington, IN that were
treated with termiticide showed heptachlor with a 100% frequency of
occurrence [6]. Three of 4 homes had greater concentrations of
heptachlor in the basements than in the upstairs portions of the house [6].
Upstairs air concentrations ranged from 2.6 to 66 ng/m’, whereas
basement atmospheres contained heptachlor at concentrations of 4.3 to
110 ng/m’ [6]. Heptachlor was detected in the ambient air within 7 of 9
homes in Jacksonville, Fl at concentrations ranging from 0.012 to 0.36
ug/m’ with a mean concentration of 0.18 ug/m® [47]. Heptachlor was
detected in the ambient air of the living areas of 12 homes in New Jersey
before, 1 week, 3 months and 1 year after treatment for termite control
at concentrations ranging from undetectable levels to 0.21, undetectable
levels to 0.94, undetectable levels to 0.64 and undetectable levels to 0.57
ug/m’ with mean concentrations of 0.04, 0.14, 0.15 and 0.13 ug/m’ and
with frequencies of occurrence of 57, 86, 77 and 81%, respectively [49].
Heptachlor was detected in the ambient air of the non-living areas of 12
homes in New Jersey before, 1 week, 3 months and 1 year after
treatment for termite control at concentrations ranging from undetectable
‘levels to 0.51, undetectable levels to 5.92, undetectable levels to 3.88 and
undetectable levels to 3.89 ug/m® with mean concentrations of 0.12, 1.02,
0.69 and 0.88 ug/m® and with frequencies of occurrence of 67, 77, 93 and
100%, respectively [49].

Food Survey Values: Heptachlor and heptachlor epoxide combined were
detected at an average concentration of 0.1 ppb with a frequency of
detection of 0.4% among 784 samples of domestic cheese [25].
Heptachlor and heptachlor epoxide combined were detected at average
concentrations of less than 0.1 ppb and 0.6 ppb with frequencies of
detection of 0.4% and 0.2% among 2,954 and 4,117 samples of domestic

and imported vine and ear vegetables, respectively [25]. For 947 samples

of domestic whole grains, the average heptachlor and heptachlor epoxide
combined concentration was less than 0.1 ppb with a frequency of
occurrence of 0.2% [25]. Heptachlor and heptachlor epoxide combined
were detected at average concentrations of 126 ppb and 40 ppb with
ranges from 40 to 50 ppb and trace quantities to 19,000 ppb, and with a
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frequency of detection of 3.6% and 1.9% among 280 and 104 samples of
soybeans, and corn and comn products, respectively [25]. Heptachlor and
heptachlor epoxide were infrequently found in leaf and stem vegetables
[25]. For 15,200 and 11,340 samples of red meat and poultry, heptachlor
and heptachlor epoxide combined were detected at average concentrations
of 16 and 13 ppb with frequencies of occurrence of 20.7% and 16.5%,
‘respectively [25]. Heptachlor and heptachlor epoxide combined were
detected at average concentrations of 5.3 ppb in 1974 and 6.6 ppb in
1980 upon soybeans grown in Illinois [52]). Heptachlor was detected in
1 of 11 and 3 of 10 cheese samples from Comarca Lagunera and
Soconusco, Mexico [3]. Just over 50% of the chicken’s eggs from
Comarca Lagunera, Mexico also contained heptachlor [3]. Average
heptachlor concentrations in cheese and eggs were reported, but without
units [3]. Heptachlor was detected in 16 of 105 chicken fat samples
collected between April 1980 and February 1982 in Kenya [40]. The
mean concentration was less than 0.01 mg/kg and the range was from
0.01 to 0.03 mg/kg [40]. For vegetables surveyed in the markets of Delhi,
India from August 1984 to January 1986, the average heptachlor
concentrations were 12 ug/kg for potato; 4 ug/kg for colocasia; 20 ug/kg
for radish; 15 ug/kg for onion; 4 ug/}'cg for cabbage; 2 ug/kg for
cauliflower; 1 ug/kg for coriander; 21 ug/kg for spinach; 23 ug/kg for

. brinjal; 1 ug/kg for ladyfinger; 1 ug/kg for french beans; 4 ug/kg for

tomato; 389 ug/kg for green peas; 23 ug/kg for bottle gourd; 2 ug/kg for
smooth gourd; 2 ug/kg for bitter gourd; 10 ug/kg for cucumber; and 42
ug/kg for chilies [45]). During a 5 year period from 1982 to 1986, The
FDA Los Angeles District Laboratory analyzed 19,851 samples of
domestic and imported food and feed commodities for pesticide residues
[50]. Heptachlor was detected 3 times at concentrations less than 0.05
ppm and once at a concentration between 0.05 and 0.10 ppm [50].

Plant Concentrations:

Fish/Seafood Concentrations: Heptachlor was detected at an average
concentration of 0.0002 ppm with a frequency of detection of 0.3%
among 2,901 samples of domestic fish [25]. Heptachlor was detected at
an average concentration less than 0.0001 ppm with a frequency of
detection of 0.4% for 361 samples of imported fish [25]. Heptachlor was
detected in fish collected from Great Lake harbors and tributary mouths
at the Astabula and Black Rivers, Ohio; Sheboygan, Memonimee,
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Kinnickinnic, Fox and Wolf Rivers, Wisconsin; and Chequamegon Bay,
Lake Superior, Wisconsin at concentrations less than 0.002 mg/kg [22].
Heptachlor was detected in Jack fish (Seriolella violacea) collected from
the Chilean coast at an average concentration of 900 ppb [63]. Shrimp
(Penaeus setiferus and Penaeus aztecus) from Calcasieu River/Lake
Complex, LA contained heptachlor at concentrations ranging from
undetected levels to 0.75 ug/g [60]. In 1984, heptachlor and heptachlor
epoxide combined were detected in Cyprinid Fish (Barbus xanthopterus)
from the Shatt al-Arab River, Iraq at concentrations ranging from
undetected levels to 13 ppb {24]. In March to June, 1986, heptachlor was
detected in black bullhead from the Garigliano River in Southern Italy at
an. average concentration of 10 ng/g with a frequency of occurrence of
21% [4]. Heptachlor was detected in black bullhead, chub, common carp
and eel from the Volturno River in Southern Italy at average
concentratons of 20, 6, 5. and 5 ng/g with an overall frequency of
+ occurrence of 70% [4]. Heptachlor was detected in chub, common carp,
eel and tench from the Calore River in Southern Italy all at average
concentrations of 5 ng/g with an overall frequency of occurrence of 78%
[4]. Heptachlor was detected in black bullhead and bleak from the Sele
River in Southern Italy both at an average concentrations of 5 ng/g with
an overall frequency of occurrence.of 35% [4]. Heptachlor was detected
in common carp, channel catfish, smallmouth and largemouth bass, rock
bass, pumpkinseed, bowfin, lake trout and northern pike from Lake
Michigan collected at White Lake and the St Joseph, Kalamazoo, Grand,
Muskegon, Pere Marquette, Manistee, Platte, Boardman, Grand Traverse,
Manistique, Whitefish, Escanaba and Ford Rivers at concentrations
ranging from 0.001 to 0.008 mg/kg wet weight [17]. Different fish
species from Abu Qir Bay, Idku Lake, and Maryut Lake in Alexandria,
Egypt, were assayed for residues of organochlorine insecticides and
polychlorinated biphenyls (PCBs). The fish were obtained from
commercial fishermen in 1985 and include the following species:
Pagellus erythrinus, Sargus vulgarius, Siganus rivulatus, Sphyraena
sphyraena, and Trigla hirundo from Abu Qir Bay; and Tilapia fish from

~ Idku and Maryut Lakes. Twenty grams of dorsal fish muscle were

extracted and the residues analyzed by GLC. Reagent blanks and spiked
samples were included with each sample. The waters from which the fish
were obtained receive drainage from industrial, agricultural and urban
activities. Water samples were not assayed for specific components.
Heptachlor was detected in all fish in the study. The highest levels of 5.3
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ug/kg were found in Pagellus erythrinus from Abu Qir Bay.
Concentrations were highest in larger fish; but a linear increase with size
was not apparent. Heptachlor is usually rapidly converted to heptachlor
epoxide and other metabolites which may account for the low occurrence
and low concentrations observed. From a health standpoint, all samples
were well below permissible levels for heptachlor [28].

Animal Concentrations: Eggs and 5 day old chicks from the same
clutch of herring gull (Larus argentatus), which nested on the island of
Mellum located at 53.43 deg N and 06.54 deg E, contained heptachlor at
average concentrations of 0.145 and 0.383 mg/kg [10]. Gull-billed terns
collected in Italy during 1982 and 1983 contained heptachlor at
concentrations ranging from 0.01 t0-0.70. ug/g with a geometric mean of
0.05 ug/g [29]. Forster's tern eggs from Greenbay, WI contained
heptachlor at concentrations ranging from 0.03 to 0.30 .ug/g with a
median concentration of 0.09 ug/g [43]. Forster’s tern eggs from Lake
Poygan, WI contained heptachlor at concentrations ranging from 0.01 to
0.03 ug/g with a median concentration of 0.02 ug/g [43]. Brain tssue of
Goldeneye ducks that overwintered on the Niaghra River contained
heptachlor at concentrations ranging from 0.0023 to 0.0028 ug/g with a
mean concentration of 0.0026 ug/g in December 1984 [34]. In February
to March 1985, brain tissue of the Goldeneye ducks that overwintered on
the Niagara River contained heptachlor at concentrations ranging from
0.0025 to 0.0032 ug/g with a mean concentration of 0.0028 ug/g [34].

Milk Concentrations: Heptachlor was detected with 0.2% frequency of
occurrence and an average concentration of less than 0.1 ppb in 4,638
samples of cow’s milk [25]. Heptachlor was detected in human milk of
4 of 4 mothers in Iraq at an average concentration of 0.051 mg/kg [2].
The average concentrations plus or minus the standard deviation of
heptachlor and heptachlor epoxide combined within milk fat from the
Northeast, Southeast, Midwest, Southwest .and Northwest geographical
regions of the United States in 1975 were reported to be 0.07 +/- 0.04
mg/kg, 0.13 +/- 0.21 mg/kg, 0.09 +/- 0.07 mg/kg, 0.07 +/- 0.10 mg/kg
and 0.07 +/- 0.10 mg/kg, respectively [86]. The average concentration of
heptachlor and heptachlor epoxide combined within whole milk in Kenya
for 1979 was listed to be 0.5 ug/L [86]. For Alberta, Canada from 1966
to 1970 and from 1977 to 1978, the average concentrations of heptachlor
and heptachlor epoxide combined within milk fat were listed to be 0.002
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mg/kg and 0.03 mg/kg, respectively [86]. The average concentration of
heptachlor and heptachlor epoxide combined within milk fat in Mexico
for 1976 was listed to be 0.01 mg/kg [86]. For France from 1971 to 1972
and Vienna, Austria from 1966 to 1970, the average concentrations of
heptachlor and heptachlor epoxide combined within milk fat were
reported to range from 0.06 to 1.30 mg/kg and 0.10 to 0.13 mg/kg,
respectively [86]. For the Federal Republic of Germany from 1973 to
1974 and 1978, the average concentrations of heptachlor and heptachlor
epoxide combined within milk fat were reported to range from 0.03 to
0.37 mg/kg and less than 0.01 to 0.11 mg/kg, respectively [86].

Other Environmental Concentrations: Heptachlor was detected in the
house dust of 4 residences in Seattle, WA at concentrations ranging from
0.13 to 0.82 ppm [68]. Cossette from sugar beets in Chile, which are
used as animal feed, contained heptachlor at concentration ranging from
0.004 to 0.022 ppm [62].

Probable Routes of Human Exposure: The most probable routes of
human exposure are inhalation, dermal contact (skin absorption and/or
eye contact) and ingestion. Infants are exposed to heptachlor from
mothers and cow’s milk [81].

Average Daily Intake: Typical human exposure to heptachlor has been
calculated to be 0.01 ug/individual/day, based -upon a mean ambient air
concentration of 0.5 ng/m’ and a respiratory volume of 20 m* of air per
day [81]. '

Occupational Exposure: The most probable human exposure to
heptachlor would be occupational exposure, which may occur through
dermal contact or ‘inhalation at places where it is produced or used.
NIOSH (NOES Survey as of 3/28/89) has estimated that 933 workers are
potentially exposed to heptachlor in the USA [61]. Potentially exposed
populations consist of workers in manufacturing and formulating plants
and field and home applicators of the pesticides [78]. Non-occupational
exposures would most likely occur via inhalation of contaminated urban
and indoor atmospheres, ingestion of contaminated foods and ground
water supplies and dermal contact at recreational activities at
contaminated waterways.
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Body Burdens: Human milk from 1436 women living in the United
States was analyzed by GLC for chlorinated hydrocarbon insecticides
[70]. Heptachlor was found in less than 2%, but heptachlor epoxide, its
metabolite, was found in 63% of the samples [70]. Heptachlor was found
at concentrations less than 1'to 2 ng/g in the milk of Australian women
exposed to heptachlor from its use as an insecticide [74].-Heptachlor was
detected in human milk of 4 of 4 mothers in Iraq at an average
concentration of 0.051 mg/kg [2]. Heptachlor and heptachlor epoxide
combined were found in 2 of 4 human placentas of mothers in Iraq at
concentrations of 0.015 and 0.028 mg/kg [2]. Heptachlor was detected
but not quantified in human adipose tissue [5]. During 1982 and 1983,
heptachlor was detected in the blood of 112 residents of El Paso, Texas
at concentrations up to 9.9 ppb with a mean concentration of 3.1 ppb and
with a frequency of occurrence of 19% [59].
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Heptachlor Epoxide

SUBSTANCE IDENTIFICATION
Synonyms: 1 ,4,5,6,7,8,8-Heptachloro-2,3-e'poxy-3a,4,7,7a-
tetrahydro-4,7-methanoindan

Cl

Structure: Cl

Cl
cl ql

CAS Registry Number: 1024-57-3

Molecular Formula: C10H5C17O

Wiswesser Line Notation: T D3 C555 A EQ JUTJ AG AG BG GG IG
JG KG ' :

CHEMICAL AND PHYSICAL PROPERTIES
Boiling Point:
Melting Point: 160-161.5 °C
Molecular Weight: 389.40

Dissoéiation Constants:

Log Octanol/Water Partition Coefficient: 5.40 (calculated) [141]

Water Solubility: 0.200 mg/L [10]
Vapor Pressure: 1.95 x 10° mm Hg (estimate) [ 1071

Henry’s Law Constant: 3.2 x 10°° atm-m*/mole [142]
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Heptachlor Epoxide

ENVIRONMENTAL FATE/EXPOSURE POTENTIAL

Summary: Heptachlor epoxide is not produced commercially, but rather

is formed by the chemical and biological transformation of heptachlor in
the environment. In 1978, the USEPA cancelled the registration of
heptachlor and chlordane, which contains 10% heptachlor and agricultural
uses of these insecticides were phased out. After July 1, 1983 heptachlor
and chlordane could only be used for underground termite control.
Heptachlor epoxide adsorbs strongly to soil and is extremely resistant to

"biodegradation, persisting for many years in the upper soil layers. Some
volatilization or photolysis loss may occur. If released into water, it will .

adsorb strongly to suspended and bottom sediment. Little biodegradation
would be expected. Heptachlor epoxide is expected to exist in both the
vapor and particulate phases in ambient air. Vapor phase reactions with
photochemically produced hydroxyl radicals may be an important fate
process (an estimated half-life of 1.5 days). Heptachlor epoxide that is
associated with particulate matter and aerosols should be subject to
gravitational settling and washout by rain. Due to its stability, long range
dispersal occurs, resulting in the contamination of remote areas. Some
photolysis loss probably occurs but there is no data to evaluate the rate

- of this process. Heptachlor is bioconcentrated extensively. It is taken up

into the food chain by plants and bioconcentrates into fish, animals and
milk. Residues in human milk primarily comes from eating meat and fish
as is evident by the much lower concentration in the milk of vegetarians.

- However, uptake in humans via inhalation of vapors in houses treated

with heptachlor and chlordane is also evident. Where monitoring at the
top of the food chain was performed such as residues in bald eagles and
the ongoing Illinois Milk Survey, levels of heptachlor epoxide have not
significantly changed three years after agricultural uses of the pesticide
were being phased out. Exposure to heptachlor epoxide is primarily

- through the ingestion of food containing residues of the insecticide. The.

food classes most in risk are dairy products and meat/poultry/fish.

Natural Sources: Heptachlor epoxide is not known to occur as a natural

product [75].
Artificial Sources: Heptachlor epoxide is not produced commercially in

the US nor is it normally present as an impurity in commercial
heptachlor [75]. It is formed by the chemical and biological
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transformation of heptachlor in the environment [75]. These include
photolytic action on plant surfaces, bacterial action, and microsomal
oxidation in organisms [91]. Heptachlor, a non-systemic stomach and
contact insecticide was introduced commercially in 1952 and was used
for control of soil insects, seed treatment, and termite control [147].
Heptachlor’s use may be gauged from the statistics that an-estimated 930
kg were used in the US in 1974 as follows: on corn, 58%; by pest
control operators, 26.8%; as a seed treatment, 13.2%; miscellaneous, 2%
[75]. On March 6, 1978, the US EPA cancelled the registration of
heptachlor and chlordane, which contains 10% heptachlor [91]; the
settlement calling for phasing out agricultural uses of the pesticide [75].
After July 1, 1983 heptachlor and chlordane may only be used for
underground termite control [75]. After application of heptachlor to soil,
the epoxide is measurable in air after 6 days and in soil after 21 days
[109]. '

Terrestrial Fate: Heptachlor epoxide adsorbs strongly to soil and is
extremely resistant to biodegradation. Monitoring, studies reveal that it
persists for many years in soil and does not appear to leach significantly
into the lower soil layers. On the soil surface, heptachlor epoxide may
slowly photodegrade, particularly during the summer months (1% per
month). Heptachlor epoxide lgss from soil in a microagricultural chamber
is observed after application, but the rate of loss decreases over the
course of a few days. This loss may be due to volatilization or photolysis
of the chemical from the surface microlayer.

Aquatic Fate: If released into water, heptachlor epoxide will adsorb
strongly to suspended and bottom sediment. Little biodegradation would
be expected and photolysis probably would only be significant in surface
witers in the presence of photosensitizers. While slow volatilization of
the free molecule (half-life 60 hr from a model river) would be expected,
since heptachlor epoxide would be mainly adsorbed to particulate matter,
this would not be a primary loss mechanism. No measurable degradation
occurred when 10 ppb of heptachlor epoxide was incubated in water of
- the Little Miami River, a stream receiving domestic, industrial, and
agricultural wastes for 8 weeks in sealed jars under sunlight and artificial
lights [36]. Heptachlor epoxide was very persistent in a model ecosystem,
having approximately the same environmental stability as dieldrin [91].
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Its estimated half-life in the lower Rhine River based on concentration
differences between sampling points- was 35 days [149].

Atmospheric Fate: Based upon the vapor pressure, heptachlor epoxide
is expected to exist in both the vapor and particulate phases in ambient
air [37]. In the atmosphere, vapor phase reactions with photochemically
produced hydroxyl radicals may be an important fate process. The rate
constant for the vapor-phase reaction of heptachlor with photochemically
produced hydroxyl radicals has been estimated to be 1.09 x 10"
cm’/molecule-sec at 25 °C, which corresponds to an atmospheric half-life
of about 1.5 days at an atmospheric concentration of 5 x 10** hydroxyl
radicals per cm’ [5]. Heptachlor epoxide that is associated with
particulate matter and aerosols in the atmosphere should be subject to
gravitational settling and washout by rain. Contamination of lakes with
heptachlor epoxide is believed to occur primarily by wet deposition.
Under the proper conditions, heptachior epoxide bearing dust can be
transported for thousands of miles. Photolysis would be expected to occur
but there are no data on the extent of heptachlor epoxide degradation in
dispersed dust and aerosols. '

Biodegradation: No degradation occurred when heptachlor epoxide was
incubated for a week with a wastewater inoculum and a portion of the
test mixture used as seed for 3 sequential week-long tests {136]. When
heptachlor epoxide was incubated with a sandy loam soil inoculum at 28
°C, a mean conversion of 2.8, 5.8, and 12.0% to 1- -exohydroxychlordene
occurred after 4, 8, and 12 wk, respectively [105]. No significant
degradation occurred when heptachlor epoxide was incubated at 45 °C
with any of 7 air-dried soils for § days [1'1]. Under anaerobic conditions,
heptachlor epoxide degraded slowly (half-life approximately 25 days)
when incubated with thick digester sludge at 35 °C [72]. However, when
incubated anaerobically with dilute sludge at 20 °C or aerobic sludge, no
significant degradation was noted in 60 days [72].

Abiotic Degradation: When a solution of heptachlor epoxide in acetone
was irradiated with light >300 nm, 99% disappeared in 11 hr (7]. On the
other hand, 99% disappearance occurred in 1 hr on irradiation with light
>280 nm [7]. Another investigator obtained a 3-5% degradation in 2
hours on irradiation with intense UV light >290 nm [98]. No data on the
photolysis of heptachlor epoxide in aqueous solution could be found in
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the literature. When a thin film of heptachlor epoxide was placed in
sunlight, 45% loss occurred after 250 hr [7]. Heptachlor epoxide is also
converted to photoproducts when exposed to sunlight on the surface of
plants; 50-60% conversion occurring in 4 hr on rotenone-treated bean
leaves to a product that is identical to that formed on UV irradiation of
an acetone solution. The rotenone acted as a photosensitizer, as does
acetone, and no detectable photoproducts were formed in the absence of
rotenone [76]. The photolysis product was a ketone {7,76]. The form of
solid material and the intensity of illumination affects the rate of
photolysis. For example, when exposed to July sunshine, 59.3% of
powdered heptachlor epoxide decomposed in 557 hr while complete
decomposition occurred in 121 hr when dispersed in a solid transparent
medium [58]. When a powdered sample of heptachlor epoxide was
irradiated on a rooftop from January through mid September, degradation
was almost negligible until May, then increased through July, reaching
a maximum decomposition rate of 1%/day at the end of July. By the end
of the experiment (8 1/2 mo), 39% of the original material had
disappeared [58]. Hydrolysis is not environmentally significant [94]. The
rate constant for the vapor-phase reaction of heptachlor epoxide with
photochémically produced hydroxyl radicals has been estimated to be
1.09 x 10" cm’/molecule-sec at 25 °C, which corresponds to an
atmospheric half-life of about 1.5 days at an atmospheric concentration
of 5 x 10** hydroxyl radicals per cm’ [5].

Bioconcentration: The bioconcentration of heptachlor epoxide in
freshwater clam (Corbicula manilensis) fat was 2330 as determined in a
72-day experiment {67]. In fathead minnows the BCF was 14,400 as
determined in a 32-day test in a flow-through aquarium [141]. The steady
state BCF for sheepshead minnow (Cyprinodon variegatus), pinfish
(Lagodon rhomboides), mussels (Mytilus edulis), and oyster (Crassostrea
virginica) is 4500, 2900, 1700, and 851, respectively [148]. In a 33-day
model ecosystem, the BCF was 4900 in fish (Gambusia), 66,000 in snail
(Physa), and 1600 in alga (Oedogonium) [91]. Based on the log

" octanol/water partition coefficient, one would estimate a BCF of 7500 in
fish using a recommended regression equation [93].

Soil Adsorption/Mobility: The partition constant of heptachlor epoxide
to bentonite clay is 100 [72]. Based on the water solubility, one would
estimate a Koc of 7800 using a recommended regression equation [93].

406

? .
.
¥
!
3
I
f
:
¢
!

From the relatix
suspended solid
coefficient betwe

Volatilization fr
for heptachlor ey
m deep with a .
About 11% of t
aerated at 2.5
loss rate leveled
loss in 20 hr fro
When heptachlo:
pesticides was aj
soil in a microa

© [107]. The dissif

0.063 kg/ha/day

Water Concent:
not detected in -
collected betwee
Diet samples [Z
municipal and p
in the San Joaqu
It was, however
less than 44 pp
detected in priv:
[139]. GROUNI
quantified, in N
agricultural land
water samples w
an area known t
the presence of
heptachlor and

detectable limit:
detected in a gr
ug/L [132]. Hep
golf courses .
concentrations r
0.16 ug/L with 2




:d in
also
2e of
bean
on of
does
ce of
m of
e of
o of
plete
arent

was
ation
“hing
>end

had
. The
with
0 be
2 an
ation

‘in a
0 as
ieady
nfish
strea
3-day
snail
- log
90 in

axide
sould
(93]

Ce W eahe e s

A . L

ot A xS gt s; it 302t e hann

B T

Heptachlor Epoxide

From the relative concentration of heptachlor epoxide in water and
suspended solids in- the Grand and Saugeen Rivers, the partition
coefficient between these phases is 10,000 to 20,000 [46].

Volatilization from Water/Soil: Based upon the Henry's Law constant
for heptachlor epoxide, the volatilization half-life from. a model river 1
m deep with a 1 m/sec current and a wind of 3 m/sec is 60 hr [93].
About 11% of the heptachlor epoxide added to a seawater aquarium
aerated at 2.5 l/hr was lost over the course of 17 hr [41]. However the
loss rate leveled off after that time [41]. Heptachlor epoxide has a 42%
loss in 20 hr from a jar containing mosquito larvae held at 26.5 °C [74].
When heptachlor epoxide in conjunction with several other chlorinated
pesticides was applied to the surface of warm, moist, fallow, sandy loam
soil in a microagroecosystem chamber, 42.5% volatilized after 11 days
[107]. The dissipation rate was initially 0.14 kg/ha/day and decreased to
0.063 kg/ha/day by the 9th day [108]. '

Water Concentrations: DRINKING WATER: Heptachlor epoxide was
not detected in samples of drinking water from 10 .10 13 US cities
collected between Oct 1975 and Mar 1982 for Infant and Toddler Total .
Diet samples {50,51,53,54,78,79]. Similarly, it was not found in 54
municipal and private wells sampled in agricultural areas of California
in the San Joaquin Valley and Santa Barbara and Monterey counties [96].
It was, however, reported in“tap water in Ottawa, Canada at a level of
less than 44 ppt [83]. Heptachlor and heptachlor epoxide have been
-detected in private drinking wells at concentrations less than 0.02 ug/L
[139]. GROUND WATER: Heptachlor epoxide was detected, but not
quantified, in New Jersey ground water in areas generally devoted to
agricultural land uses [62]. During the 1978 irrigation season, 14 ground
water samples were collected in the central plateau region of Nebraska,
an area known to have high nitrate-nitrogen levels, and were analyzed for
the presence of 13 residues. Levels of the organochlorine insecticide,
heptachlor and its derivative, heptachlor epoxide, were all below the
detectable limits of 0.005 to 0.010 ug/L [125]. Heptachlor epoxide was
detected in a ground water well in Kansas at a concentration of 0.026

- +ug/L [132]. Heptachlor epoxide was detected in ground water underneath

golf courses in Bass River and Hyannisport, Massachusetts at

~ concentrations ranging from 0.03 to 0.06 ug/L and undetected levels to

0.16 ug/L with average concentrations of 0.04 and 0.07 ug/L,, respectively
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[25]). SURFACE WATER: Of the 4632 stations reporting heptachlor
epoxide in ambient water in EPA’s STORET database, 36.0% contained
detectable levels of the chemical with a median concentration of 0.001
ppb [61]. According to the 1975 to 1980 National Summary of the
Pesticide Monitoring Network sponsored by the EPA and US Geological
Survey, heptachlor epoxide was detected at 4.5% of 177 stations across
the nation with a frequency of occurrence of 0.3% for 2,946 samples
[56]. In 1979, heptachlor epoxide was detected at 5.3% of 171 stations
across the nation with a frequency of occurrence of 1.0% for 1,017
samples [56]. Heptachlor epoxide was listed as a contaminant of the
Great Lakes including Lakes Ontario, Erie, Huron, Michigan, Superior
and St Clair [59]. In an inventory of chemical substances identified in the
Great Lakes ecosystem, heptachlor epoxide was detected in Lake Ontario,
7 of 9 samples; Lake Erie, 11 of 22 samples; St. Clair River, 2 of 2
- samples; Lake Huron, 7 of 10 samples; Lake Michigan, 10 of 15 samples
and Lake Superior, 4 of 6 samples {59]. The positive results included the
lake water of all the Great Lakes in addition to rivers and creeks feeding
into the lakes [59]. Heptachlor epoxide was detected at 14 of 14 sampling
stations throughout Lake Ontario at concentrations ranging from 0.167 to
0.375 ng/L [8]. On August 7, 1985, heptachlor epoxide was detected at
13 of 13 sampling stations throughout Lake St Clair at concentrations
ranging from 0.087 to 0.203 ng/L [22]. The mean concentration of
heptachlor epoxide in, waters collected from 11 agricultural watersheds
in Ontario, in 1975-76 and 1976-77 were 1.1 and 0.5 ppt, respectively,
with the overall presence being 3.8 and 8.1% [45]. For 1976-77, the
Grand and Saugeen Rivers in this study had mean concentrations in river
water of 0.03. and 0.05 pt and 0.3 and 1 ppb in suspended solids [46].
Forty-seven percent of samples from the lower Niagara River in 1980-81
. contained heptachlor epoxide at an average concentration of 0.5 ppt [85].
In another study, 13.9-22.6 ppt of the chemical was found in the surface
microlayer at 5 stations in the Niagara River but none was found in
subsurface water or suspended solids [97). Heptachlor epoxide was
detected in Thompson’s tributary to the Niagara River at a concentration
of 0.05 ng/L [60]. In 1982, heptachlor epoxide was detected in 3% of the
surface water samples from Hamilton Harbor, Lake Ontario at
concentrations ranging from undetected levels to 1 ng/L. [114]. About 2
to 3.9 ppt was found in Lake Pontchartrain, LA, a shallow estuary in the
Mississippi delta [101]. Despite the presence of cyclodienes in'its effluent
and the continued use of heptachlor and heptachlor epoxide, heptachlor
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epoxide was not detected in the water column near the ocean outfall of
the Los Angeles County Sanitation District at White Point, CA [61].
Heptachlor epoxide was detected in waters off the coast of Argentina at
concentrations ranging from undetected levels to 3.7 ng/L with a mean
of 1.9 ng/L [27]. RAIN/SNOW: According to the Canadian Network for
Sampling Organic Samples in Precipitation, heptachlor epoxide was
detected in O to 33% with a median of 6% of the 210 samples of
precipitation from the 12 sampling sites throughout Canada [12]. A
sample from Windsor, Ontario contained the highest levels of 46 ppt
[12]. The concentration of heptachlor epoxide in rain at two. sites at
opposite ends of Lake Superior ranged from ND to 1.3 ppt, which
contributed to the estimate that 17.0 kg of the chemical enters the lake
from rain and snow each year [134]. Canadian arctic snow contained
heptachlor epoxide at concentrations ranging from undetected levels to

0.41 ng/L[63].

Effluent Concentrations: Of the 672 stations reporting heptachlor
epoxide in industrial effluents in EPA’s STORET database, 4.2%
contained detectable levels of the chemical with a median concentration
of less than 0.007 ug/L [129]. In a comprehensive survey of wastewater
from 4000 industrial and publicly owned treatment works (POTWs)
sponsored by the Effluent Guidelines Division of the U.S. EPA,
heptachlor epoxide was only identified in discharges of publicly owned
treatment works with a 1%'frequcncy of occurrence and a median
concentration of 19.3 ppb [123]. In the National Urban Runoff Program
in which samples of runoff were collected from 19 cities at 51
catchments in the U.S., heptachlor epoxide was detected only in
Washington, DC, which accounted for 1% of the samples, at a level of
0.1 ppb [26].

Sediment/Soil Concentrations: SOIL: In a study of 31 Ontario apple
orchards conducted from 1972 to 1975, residues of heptachlor epoxide
ranged from undetectable levels to 97 ppb with a frequency of occurrence
of 14% and a detection limit 0.4 ppb in the upper 15 cm of soil, but it
was absent from the 15 to 30 cm layer [47]). As part of the National Soils
Monitoring Program, 1486 samples of cropland soil in 37 states were
analyzed for pesticide residues in 1971 [21]. There were 6.9% positive
detections for heptachlor epoxide with levels ranging from 0.01 to 0.43
ppm [21]. States with the highest incidence were Illinois, Jowa, Nebraska,
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Missouri, and Indiana [21]. In a 1970 study of residues in Corn Belt
States that sampled 400 sites in 12 states, 7 states had- sites with
detectable levels of heptachlor epoxide with occurrences ranging from 2.7
to 23.2% and a mean concentration of 0.01 ppm or less, and a maximum
residue of 0.31 ppm [19]. Illinois had the highest number of positive
samples [19]. Twenty-five soil samples out of 380 from 5 metropolitan
areas contained heptachlor epoxide residues at average concentrations of
less than 0.01 to 0.02 ppm with a maximum concentration of 1.95 [20].
A survey of pesticide residues in soil on 6 US Air Force bases in 1975
and 1976 resulted in residues of heptachlor epoxide ranging from less
than 10 ppb (detection limit) to 60 ppb [88]. The percentage of positive
sites for the two years were (land type, percent): residential, 15.0%
(1975), 35.0% (1976); open land, 17.0% (1975), 14.3% (1976); golf
courses, 11.8% (1975), 17.7% (1976) [88]. The percentage of positive
sites containing heptachlor, its precursor, declined between 1975 and
1976 [88]. Heptachlor epoxide was detected in tobacco fields at levels of
30 and 10 ppb at depths of 0-15 cm and 15-23 cm, respectively, 3 mo
after application with heptachlor, although no heptachlor epoxide was
detected immediately after application [75]. Agricultural soils on the
North Coast Region of New South Wales, Australia were shown to
contain heptachlor epoxide at concentrations ranging from undetected
levels to 0.14 ppm [100]. SEDIMENT: Of the 1710 stations reporting
heptachlor epoxide in sediment in EPA’s STORET database, 25.0%

contained detectable levels of the chemical with a median concentration

of 0.1 ppb by dry wt [129]. About 37% of suspended sediment samples

from the lower Niagara River in 1980 to 1981 contained heptachlor
epoxide at a mean concentration of 1 ppb dry weight [85]. The mean

concentrations of heptachlor epoxide in river bed sediment at the mouth

of the Grand and Saugeen Rivers in Ontario during 1975 to 1976 were

1 ppb and not detected, respectively [46]. Heptachlor epoxide was

detected in 2 of 42 sediment samples from Wolfe Island, St. Lawrence

River collected between 1982 and 1984 [59]. Heptachlor epoxide

concentrations in all sediment samples collected from the St. Lawrence

River were less than 1 ug/kg [59]. Lacustrine sediment samples deposited

over time in Lake Ontario contained heptachlor epoxide at concentration
as high as 50 ng/g [38] Sediment samples extracted at increasing depths
showed a steady increase in the concentration of heptachlor epoxide from

1930 to 1970 and a steady decline in concentration from 1970 to 1980
[38]. No heptachlor epoxide was detected in bottom sediment at 13
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locations in the Potomac River Basin in 1972 or 1976 [42]. Heptachlor
epoxide was detected in sediments from Manukau Harbor, New Zealand
at concentrations of less than 0.1, 0.1 and 0.3 ng/g for sampling points
located at Waiuku Inlet, Mangere Inlet and Big Muddy
Creek,respectively [44]. Heptachlor epoxide was detected in sediments
from the coast of Argentina at concentrations ranging from 0.1 to 18.7
ng/g with a mean of 0.6 ng/g [27].

Atmospheric Concentrations: URBAN: The mean and maximum air
concentration of heptachlor epoxide near Delft, the Netherlands as
determined from fifty-five 24 hour samples taken over the period from
June 1979 to March 1981 was 32 and 360 pg/m’ [65]. The average
concentration of chlorinated pesticides was 3 times higher in summer
than in winter [65]. Air samples from Miami, FL and Fort Collins, CO
did not contain detectable quantities of the chemical [86]. All air samples
from Miami as well as those from Jackson contained the precursor
insecticide, heptachlor [86]. Heptachlor epoxide was not detected in any
of the 880 composite samples from 9 locations in the US, whereas
heptachlor was found at 2 locations [127]. A sample of dust collected in
Cincinnati that originated on the Southem High Plains during a mammoth
dust storm contained 40 ppb of heptachlor epoxide [24]. Heptachlor
epoxide ‘was also detected in the air of Stockholm, Sweden between
October 13 to 15, 1983 [9]. SUBURBAN: A pilot air monitoring program
at 3 suburban locations found that 20% of samples from Jackson, MI
contained mean and maximum heptachlor epoxide concentrations of 0.2
and 1.3 ng/m’, respectively [86]. '

Food "Survey Values: Heptachlor epoxide residues were found in
commercially prepared baby foods that were sampled from July 1963 to
June 1967 with a frequency of detection of 0.9% for 684 samples [140].
Most of the positive samples showed heptachlor epoxide residues in the
range from trace quantities to 0.03 mg/kg [140]. Heptachlor epoxide was
detected in chicken fat samples collected between April 1980 and
February 1982 in Kenya [80]. A basket study of food from Ontario,
Canada was performed on Aug 14, 1985 and heptachlor epoxide was
detected in milk and eggs/meat at average concentrations of 0.00021 and
0.00012 ug/g, respectively [28]. Heptachlor and heptachlor epoxide
combined were detected at an average concentration of 0.1 ppb with a
frequency of detection of 0.4% among 784 samples of domestic cheese
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[35]. Heptachlor and heptachlor epoxide combined were detected at
average concentrations of less than 0.1 ppb and 0.6 ppb with frequencies
of detection of 0.4% and 0.2% among 2,954 and 4,117 samples of
‘domestic and imported vine and ear vegetables, respectively [35). For
947 samples of domestic whole grains, the average heptachlor and
heptachlor epoxide combined concentration was less than 0.1 ppb with
a frequency of occurrence of 0.2% [35]. Heptachlor and heptachlor
epoxide combined were detected at average concentrations of 126 ppb
and 40 ppb with ranges from 40 to 50 ppb and trace quantities to 19,000
ppb, and with a frequencies of detection of 3.6% and 1.9% among 280
and 104 samples of soybeans, and corn and corn products, respectively
[35]. Heptachlor and heptachlor epoxide were infrequently found in leaf
and stem vegetables [35]. For 15,200 and 11,340 samples of red meat
and poultry, heptachlor and heptachlor epoxide combined were detected
at average concentrations of 16 and 13 ppb with frequencies of
occurrence of 20.7% and 16.5%, respectively [35). During a 5 year
period from 1982 to 1986, the FDA Los Angeles District Laboratory
analyzed 19.851 samples of domestic and imported food and feed
commodities for pesticide residues [92]. Heptachlor epoxide was detected
11 times at concentrations less than 0.05 ppm and once at a concentration
between 0.10 and 0.50 ppm [92]. Results for heptachlor epoxide from the
US FDA’s Total Diet studies of pesticides and other chemicals in Infant
and Toddler Total Diet samples in which typical 14-day diet samples are
collected from urban areas throughout the US (Fiscal Year - average
intake (ug/kg body weight/day) are: Infants FY77 0.013, FY78 0.023,
FY79 0.021, FY80 0.019, FY&1/82 0.010; Toddlers FY77 0.018, FY78
0.019, FY79 0.018, FY80 0.020, FY81/82 0.009 [50.51]. For FY81/82
this represented an average daily intake of 0.0860 and 0.121 ug for
infants and toddlers, respectively [50). The food classes contributing to
this input were (class - average concentration in ppb): whole milk 1;
other dairy products and substitutes 2-7; meat/fish/poultry 1; potatoes <1;
oils and fats 4 [50]. Results from the US FDA’s Adult Total Diet Study
in which the typical 14-day diet of a 16-19 yr male was collected from
market basket composite samples in 12 food groups throughout the US
(Fiscal Year - average intake (ug/kg body wt/day)) are: FY71-76 0.006
mean [35]; FY77 0.007 [52]; FY78 0.008; FY79 0.006; FY80 0.007;
FY81/82 0.007 (53]. For FY81/82, market basket samples from 27 cities
throughout the U.S. were collected and analyzed from each of 12 food
groups [53]. There were 44 positive samples containing trace to 4 ppb of
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heptachlor epoxide, 35 of. which were in dairy products and

meat/fish/poultry, and averaged 0.3 and 0.7 ppb, respectively [53]. The
average 70 kg man would have an intake of 0.467 ug/day [53]. In a
Canadian total diet study which took winter and summer composite
samples of 11 food classes in 5 Canadian cities, heptachlor epoxide was
identified in 9 of 10 composites of dairy products with an input range of
0.1 to 0.2 ug/person/day, and 1 of 11 samples of oils and fats with an
input 0.01 ug/person/day [102]. Mean residues of heptachlor and
heptachlor epoxide combined in soybeans in Illinois rose slightly from
5.3 to 6.6 ppb from 1974 to 1980 despite the fact that heptachlor use on

soybean fields dropped dramatically after 1974 and was eliminated after .

1977 {95]. There was, however, a slight decline in the percentage of
fields having residues greater than 10 ppb [95]. All of the beef and 75%
of the lamb sampled in Baghdad contained heptachlor/heptachlor epoxide
at average concentrations of 67 and 124 ppb, respectively [1].

Plant Concentrations: As part of the Pesticide Residue Monitoring
Program, residue levels in mature crops were collected from 729 sites in
1971 {21]. Corn stalk was the only crop in which more than 1 or 2
samples were positive having a 7.7% incidence in 286 samples with
residue levels ranging 0.01 to 0.51 ppm [21].

Fish/Seafood Concentrations: Of the 127 stations reporting heptachlor
epoxide in biota in EPA’s STORET database, 1.6% contained detectable
levels of the chemical [129]. Thirty-two percent of the 588 composite
samples of fish from 50 sampling stations in the National Pesticides

Monitoring Program in 1967 to 1968 contained detectable quantities of

heptachlor epoxide [70]. The positive samples range in concentration
from 0.01 to 8.46 ppm by wet weight with a median concentration of
0.04 [70]. Samples from Port Ontario on Lake Ontario and the Hudson
River exceeded 1 ppm [70]. Heptachlor epoxide was identified, but not
quantified, in fish from 3 of 28 selected watersheds in Minnesota,
Wisconsin, Michigan, Illinois and Indiana [84]. Detectable levels of the
chemical were found only in Mill Creek, Cincinnati, OH, White River,
Petersburg, IN, and Stoney Island in Lake Ontario in 1979 [84]. Seven
species of fish from Lakes Saint Clair and Erie in 1976 contained mean
residues of heptachlor epoxide of 3 to 15 ppb [48]. Concentrations of
heptachlor epoxide did not exceed the detection limit of 4 ppb in carp
and bluegills from 8 sites in the San Joaquin Valley in California [119].
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As part of the National Pesticides Monitoring Program, residues of
pesticides in 1524 composite samples of juvenile fish in 144 estuaries in
19 coastal states were analyzed from 1972 to 1976 [16]. Heptachlor
epoxide was only reported in Maryland, having a 2% incidence there. In
the Petrowatch program in which resident mussels (Mytilus californianus)
were taken from 11 intertidal sites along the Californian coast near
Monterey Bay, residues from only one site, Ano Nuevo island [1.4 ppb],
was above the 0.9 ppb detection limit [99]. No heptachlor epoxide was
reported in the 1965 to 1972, 15 state national monitoring program of
estuarine mollusks or the follow up program in 1977, although it was
routinely screened [15,17]. Heptachlor epoxide has been found in fish
from pristine regions. For example, spawn from plankton-feeding Arctic
char and from high Alpine lakes whose only input is from the air had
residues of 5 ppb on a lipid basis, and fish livers from the Antarctic had
residues of 0.02 ppb [6]. In 1984, heptachlor and heptachlor epoxide

combined were detected in cyprinid fish (Barbus xanthopterus) from the .

Shatt al-Arab River, Iraq at concentrations ranging from undetected levels
to 13 ppb [34]. In March to June, 1986, heptachlor epoxide was detected
in black bullhead, bleak, chub, common carp, eel and tench from the
Garigliano River in Southern Italy at average concentrations of 10, 5, 10,
5, 5 and 5 ng/g with an overall frequency of occurrence of 100% [3].
Heptachlor epoxide was detected in black bullhead, bleak, chub, common
carp, eel and tench from the Volturno River in Southern Italy at average
concentrations of 10, 5, 12, 10, 11, and 5 ng/g with an overall frequency
of occurrence of 100% [3]. Heptachlor epoxide was detected in Black
Bullhead, Bleak, Chub, Common Carp, Eel and Tench from the Calore
River in Southern Italy at average concentrations of 9, 8, 16, 7, 10, and
10 ng/g with an overall frequency of occurrence of 100% [3]. Heptachlor
epoxide was detected in Black Bullhead, Bleak, Chub, Common Carp,
Eel and Tench from the Sele River in Southern Italy at average
concentrations of 15, 5, 10, 5, 5, and 5 ng/g with an overall frequency of
occurrence of 100% [3]. Heptachlor epoxide was detected in Coho
salmon from the Huron River, Lake Huron at concentrations of 0.01 ug/g
in 1984 [30]. Heptachlor epoxide was detected in common carp, channel
catfish, smallmouth and largemouth bass, rock bass, pumpkinseed,
bowfin, lake trout and northern pike from Lake Michigan collected at
White Lake and the St Joseph, Kalamazoo, Grand, Muskegon, Pere
Marquette, Manistee, Platte, Boardman, Grand Traverse, Manistique,
Whitefish, Escanaba and Ford Rivers at concentrations ranging from
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Heptachlor Epoxide

0.0001 to 0.062 mg/kg wet weight [18]. Heptachlor epoxide was detected
in 7 of 8 common carp and 10 of 12 white bass from Tuttle Creek Lake,
Kansas at average concentrations of 0.008 and 0.005 ug/kg [4]. The
respective mean and maximum heptachlor epoxide concentrations were

.0.095 and 0.120 ppm with a frequency of detection of 2 of 3 samples in

catfish (Clarius lazero) collected from June to September, 1985 at Beni-
Suef Governorate, Egypt [33]. The heptachlor epoxide concentration was
0.010 ppm with a frequency of detection of 1 of 3 samples in Bolti fish
(Tilapia nilotica) collected from June to September, 1985 at Beni-Suef
Governorate, Egypt [33]. Different fish species from Abu Qir Bay, Idku
Lake, and Maryut Lake in Alexandria, Egypt, were assayed for residues
of organochlorine insecticides and polychlorinated biphenyls (PCBs). The
fish were obtained from commercial fishermen in 1985 and include the
following species: Pagellus erythrinus, Sargus vulgarius, Siganus
rivulatus, Sphyraena sphyraena, and Trigla hirundo from Abu Qir Bayj;
and Tilapia fish from Idku and Maryut Lakes. Twenty grams of dorsal
fish muscle were extracted and the residues analyzed by GLC. Reagent
blanks and spiked samples were included with each sample. The waters
from which the fish were obtained receive drainage from industrial,
agricultural and urban activities. Water samples were not assayed for
specific components. Heptachlor epoxide was detected in all fish in the
study. The highest levels of 9.2 ug/kg) were found in Sphyraena

- sphyraena. From a health.. standpoint, all samples were well below

permissible levels. for heptachlor epoxide [39]. Heptachlor epoxide was
detected in fish collected from Great Lake harbors and tributary mouths
at the Astabula and Black Rivers, Ohio; Sheboygan, Memonimee,
Kinnickinnic, Fox and Wolf Rivers, Wisconsin; and Chequamegon Bay,
Lake Superior, Wisconsin at concentrations ranging from less than 0.002
mg/kg to 0.048 mg/kg [31]. Heptachlor and heptachlor epoxide combined
was detected in the Chinook salmon eggs from Lake Michigan in 1981
at concentrations ranging from 5.8 to 56.3 ug/kg with a respective mean
and median concentrations of 27.9 and 25.1 ug/kg [55].

Animal Concentrations: Heptachlor epoxide was detected in double-

crested cormorant collected in Atlantic Canada during 1968 to 1984 at

concentrations ranging from undetected levels to 0.09 ppm [112].
Heptachlor epoxide was detected in Atlantic Puffin collected in Atlantic
Canada during 1968 to 1984 at concentrations ranging from 0.01 to 0.03
ppm [112]. Heptachlor epoxide was detected in Leach’s storm petrel
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collected in Atlantic Canada during 1968 to 1984 at concentrations
ranging from 0.01 to 0.02 ppm [112]. Heptachlor epoxide was detected
in the whole body tissues of 11 of 13 American black ducks (Anas
rubripes) collected in Montana in 1981 at concentrations ranging from
undetected levels to 5.5 ppm with an average of 0.72 ppm [66].
Heptachlor epoxide was detected in 8 of 8 samples of the whole body
tissue of Dunlins (Calidris alpina), a winter prey of peregrine falcons,
collected in Samish Bay, Washington in 1980 at concentrations ranging
from 0.01 to 0.09 ppm with an average of 0.03 ppm wet weight [121].
Heptachlor epoxide was detected in 5 of 5 samples of the whole body
tissue of Dunlins (Calidris alpina), a winter prey of peregrine falcons,
collected in Bowerman Basin, Washington in 1980 at concentrations
ranging from 0.001 to 0.01 ppm with an average of 0.004 ppm wet
weight [121]. A dead California condor was found to contain 1.1 ppm
heptachlor epoxide [145]. Osprey (Pandion haliaetus) eggs collected from
14" states during 1970 to 1979 contained heptachlor epoxide at
concentrations ranging from undetected levels to 0.98 ppm fresh weight
[144]. Heptachlor epoxide was detected in 2 of 4 eggs of Swainson’s
hawks (Buteo swainsoni) collected in North and South Dakota in 1975
at concentrations ranging from undetected levels to 0.12 ppm with an
average of 0.03 ppm wet weight [133]. Heptachlor epoxide was detected
in 5 of 9 eggs of Swainson’s hawks (Buteo swainsoni) collected in North
and South Dakota in 1979 at concentrations ranging from undetected
levels to 0.13 ppm with an average of 0.05 ppm wet weight [133].
Heptachlor epoxide was detected in 1 of 3, 1 of 4, 6 of 8 and 8 of 22
eggs of Ferruginous hawks (Buteo regalis) collected in North and South
Dakota in 1975, 1976, 1977 and 1979 at concentrations ranging from
undetected levels to 0.95, undetected levels to 1.7, undetected levels to
2.3 and undetected levels to 1.2 ppm with averages of 0.32, 0.42, 0.48.
and 0.11 ppm wet weight, respectively [133]. Heptachlor epoxide was
detected in the carcass of 6 of 7 gray bats (Myotis grisescens) collected
in Boone County, MO in 1982 at concentrations ranging from undetected
levels to 2.8 ppm wet weight [23]. Heptachlor epoxide was detected in
the carcass of 2 of 2 eastern pipistrelle bats (Pipistrellus subflavus)
collected in Boone County, MO in 1982 at concentrations of 1.7 and 0.3
ppm wet weight [23]. Heptachlor epoxide was detected in the carcass of
5 of 7 red bats (Lasiurus Borealis) collected in Boone County, MO in
1982 at concentrations ranging from undetected levels to 3.2 ppm wet
weight [23]. Otters from the coast of northeastern Alberta, Canada were
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found to contain heptachlor epoxide in their livers at concentrations
ranging from undetected levels to 0.003 ug/g wet weight [124].
Heptachlor epoxide was detected in the adipose tissue of Canadian arctic
and subarctic polar bears collected from 1982 to 1984 [110]. Adult male
raccoons collected at Ark City, Downs, Valley Falls, Blue Rapids, Pratt
and Emporia, Kansas from November 21, 1984 to January 31, 1985
contained heptachlor epoxide at concentrations of 0.045, 0.140, 0.580,
0.048, 0.099 and 0.130 mg/kg, respectively [89]. Adult female raccoons
collected at Downs, Valley Falls, Blue Rapids and Emporia, Kansas from
November 21, 1984 to January 31, 1985 contained heptachlor epoxide at
concentrations of 0.350, 0.083, 0.063 and 0.370 mg/kg, respectively [89].
Juvenile male raccoons collected at Ark City, Pratt and Emporia, Kansas
from November 21, 1984 to January 31, 1985 contained heptachlor
epoxide at concentrations of 0.048, 0.650, and 0.043 mg/kg, respectively
[89]. Harbour seals from the Dutch Wadden Sea and white-beaked
dolphins from the North Sea contained heptachlor epoxide at
concentrations ranging from 0.68 to 1.7 and 0.71 to 1.3 ppm, respectively
[117]. The presence of heptachlor epoxide in harbor seals (Phoca
vitulina) and white-beaked dolphins (Lagenorhynclius albirostris) was
confirmed by chemical derivatization and mass spectrometric analysis
[82]. The mean concentrations of heptachlor epoxide in the eggs of
herring gulls from colonies 'in Saginaw Bay, the Detroit River, and the
Niagara River were 0.13, 0.08 to 0.10, and 0.09 to 0.12 ppm wet weight,
respectively [135]. The concentrations of heptachlor epoxide ranged from
0.01 to 0.19 ppm with a mean concentration of 0.04 ppm wet weight in
27 hatching year Goldeneye ducks that overwintered on the Niagara
River between November 30 to December 30, 1984 ([43]. The
concentrations of heptachlor epoxide ranged from 0.03 to 0.41 ppm with
a mean concentration of 0.11 ppm wet weight in 25 adult Goldeneye
ducks that overwintered on the Niagara River between November 30 to
December 30, 1984 [43]. The concentrations of heptachlor epoxide
ranged from 0.19 to 0.27 ppm with a mean concentration of 0.23 ppm
wet weight in 24 adult Goldeneye ducks that overwintered on the Niagara
River between February 15 to March 15, 1985 [43]. The concentrations
of heptachlor epoxide in 5 eggs of peregrine falcons from Arizona in’
1978, 1981, 1982, 1982 and 1982 were 0.76, 0.29, 0.27, 0.27 and 0.41
ppm, respectively [40]. The eggs of 10 species of fish-eating birds
collected in Green Bay and Lake Michigan during 1975 to 1980
contained mean levels of heptachlor epoxide ranging from not detected
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to 500 ppb wet weight [69]. The eggs of Imperial eagles collected in
Spain during 1982 to 1984 contained a mean level of heptachlor epoxide
of 0.006 ug/g with a range from undetected levels to 0.020 ug/g wet
weight [57]. Results of the nationwide monitoring of organochlorine
residues in Starlings for 1982 showed that 54.3% of the 129 pooled sites
yielded birds with detectable levels of heptachlor epoxide [14]. The mean
level was 0.01 ppm wet weight and the maximum, from Texas, was 0.65
ppm [14]. In 1978, carcasses of bald eagles from 32 states contained
heptachlor epoxide with a frequency of occurrence of 36% and a median
concentration of 80 ppb wet weight [116]. In 1979, carcasses of bald
eagles from 32 states contained heptachlor epoxide with a frequency of
occurrence of 35% and a median concentration of 150 ppb wet weight
[116]. In 1980, carcasses of bald eagles from 32 states contained
heptachlor epoxide with a frequency of occurrence of 42% and a median
concentration of 120 ppb wet weight [116]. In 1981, carcasses of bald
eagles from 32 states contained heptachlor epoxide with a frequency of
occurrence of 29% and a median concentration of 120 ppb wet weight
[116]. In a 1980 study of organochlorine contaminants in songbirds at 36
sites in 10 western states, 47% of the individual birds and 16% of the
composite samples were positive for heptachlor epoxide with a higher
percentage of positive values being obtained for migratory than
nonmigratory species and for insectivores than omnivores [32]. Positive
mean residues ranged from 0.01 to 0.44 ppm wet weight [32]. From a
sampling of pheasants, partridges, and hares in West Germany, 85%
contained residues of heptachlor epoxide at an average concentration of
1.530 ppm on a fat basis, although the use of heptachlor was banned in
1980 [13].

Milk Concentrations: Residues of heptachlor/heptachlor epoxide in milk
have not declined in the years 1972 to 1981 according to results of an
ongoing monitoring program conducted by the Illinois Department of
Public Health [131]. Average levels in tank car samples ranged from 0.03
to 0.07 ppm for this period {131]. In a Canadian study, residues of
heptachlor epoxide in evaporated milk and prepared baby formula were
less than one seventh that in human milk samples [127 ppb](fat basis)
[120]. Heptachlor epoxide residue was found in Canadian evaporated
milk at a concentration of 5.00 ug/L on fat basis [118]. Heptachlor.
epoxide was detected in cow’s milk from Bern, Bowil, Bowil,
Hunzenschwil, Suhr and Rheinfelden, Switzerland at concentrations of
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2.1, 2.0, 2.1, 3.5, 1.5 and 1.9 ug/g on a fat basis [115]. The respective
mean and maximum heptachlor epoxide concentrations were 0.201 and
0.311 ppm with a frequency of detection of 2 of 3 samples in whole
buffalo’s milk collected from June to September, 1985 at Beni-Suef
Governorate, Egypt [33]. Cow’s whole milk and evaporated milk did not
show a trace of heptachlor epoxide in the FDA Market Basket Survey of
1974-1975 [77]. The average concentrations plus or minus the standard
deviation of heptachlor and heptachlor epoxide combined within milk fat
from the Northeast, Southeast, Midwest, Southwest and Northwest
geographical regions of the United States in 1975 were reported to be
0.07 +/- 0.04 mg/kg, 0.13 +/- 0.21 mg/kg, 0.09 +/- 0.07 mg/kg, 0.07 +/-
0.10 mg/kg and 0.07 +/- 0.10 mg/kg, respectively [143]. The average
concentration of heptachlor and heptachlor epoxide combined within
whole milk in Kenya for 1979 was listed to be 0.5 ug/L [143]. For
Alberta, Canada from 1966 to 1970 and from 1977 to 1978, the average
concentrations of heptachlor and heptachlor epoxide combined within
milk fat were listed to be 0.002 mg/kg and 0.03 mg/kg, respectively
[143]. The average concentration of heptachlor and heptachlor epoxide
combined within milk fat in Mexico for 1976 was listed to be 0.01 mg/kg
[143]. For France from 1971 to 1972 and Vienna, Austria from 1966 to
1970, the average concentrations of heptachlor and heptachlor epoxide
combined within milk fat were reported to range from 0.06 to 1.30 mg/kg
and 0.10 to 0.13 mg/kg, respgzctively [143]. For the Federal Republic of
Germany from 1973 to 1974 and 1978, the average concentrations of

heptachlor and heptachlor epoxide combined within milk fat were -

reported to range from 0.03 to 0.37 mg/kg and less than 0.01 to 0.11
mg/kg, respectively [143].

Other Environmental Concentrations: Cossette from sugar beets in

. Chile, which are used as animal feed, contained heptachlor epoxide at

concentrations ranging from 0.003 to 0.18 ppm [111].

Probable Routes of Human Exposure: The general population is
primarily exposed to heptachlor epoxide from ingesting food containing
residues of the chemical. The food classes most likely to contain residues
are milk and dairy products and meat, fish and poultry. The increase in
heptachlor epoxide levels in mother’s milk after the house was treated
with heptachlor'on the outside suggests that breathing of the vapors over
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route of exposure in this case [126]. Occupational exposure may also
occur via inhalation by people who work closely with heptachlor or
chlordane such as insecticide formulations.

Average Daily Intake: AIR INTAKE - insufficient data; WATER
INTAKE - insufficient date; FOOD INTAKE: 0.0860, 0.121, 0.467 ug
for infants, toddlers, and adults,_respectivcly.

Occupational Exposure:

Body Burdens: MILK: In a national study of chlorinated hydrocarbon
insecticide residues in human milk in which 1436 samples were obtained
from'163 general hospitals throughout the United States, heptachlor was
found in less than 2%, but 63.1% of the samples had its metabolite,
heptachlor epoxide at levels above the detection limit, with a mean and
standard deviation of 91.4 and 125.2 ppb on a fat adjusted basis,
respectively [120]. 13.8% of the samples had heptachlor epoxide residues
in excess of 100 ppb and 0.6% had residues in excess of 500 ppb [120].
The mean levels in the southeast were the highest, more than double that
from the northwest part of the US [120]. A dozen women following a
strict vegetarian diet had mean heptachlor epoxide residues in their milk
only 1 to 2% as high as average levels in the national study [71]. The
highest level of heptachlor epoxide was always lower in vegetarian milk
samples for heptachlor epoxide [71]. A 1967 to 1968 Canadian study
reported a mean concentration of 127 ppb (fat basis) in human milk
[120]). All 53 samples of human milk in a Pennsylvania study were
positive with mean concentrations of 160 ppb [91]. For comparison, 30
samples of human milk from Greece, which completely restricted the use

of organochlorine compounds in 1972, averaged 3 ppb on a fat basis

[49]. Residues of heptachlor epoxide in 100 samples of mother’s milk
from a town in the middle west part of Germany ranged from 1-173 ppb
(fat base), 30 ppb mean [68]. After her house was treated with
heptachlor, the concentration of heptachlor epoxide in the milk of a donor
rose to a peak level of 29 ppb on a whole-milk basis in 4 to 5 weeks and
then declined to near pretreatment levels after 15 weeks [126]. In a 1979
to 1980 study of organochlorine pesticides in mother’s milk in Hawaii,
all 50 samples of milk taken from 38 women residents of Oahu, Hawaii
and 12 residents of neighboring islands contained heptachlor epoxide
[137]. The average concentration of heptachlor epoxide on an extractable

420

e

lipid basis
and the av
lipid basis
of 15t0 52
home [137
have highe
showed wc
epoxide at

a 62% fre:
heptachlor

Canadians

occurrence

the whole r
4, 1 and tra
[104]. Com
among resic
respective

Heptachlor
concentratic
to have bee
epoxide cos
Iraq at conc
Of the 681

general por
Fiscal Year
and max vu
This mean

conducted {-
the Nationa
46 composi
epoxide of

maximum v
tissue from

resulted in ¢
ppb in 198
epoxide in

were 37 anc
of human a
heptachlor :




dso
" or

ER
g

-bon
ined
was
.\litc,
and
asis,
lues
20].
that
.'\g a
miik
The
milk
tudy
milk
were
1, 30
> use
‘Dasis
milk
* ppb
with
.onor

1979

wail,

awall
wxide
table

Heptachlor Epoxide

lipid basis among Oahu residents was 36 ppb with a range of 1 to 67 ppb
and the average concentration of heptachlor epoxide on an extractable
lipid basis among neighboring island residents was 31 ppb with a range
of 15 to 52 ppb [137]. All but three of the households used pesticides at
home [137]. Women who consumed more meat in their diet tended to
have higher residues in their milk {137]. A national survey of Canada
showed women’s breast whole milk and milkfat to contain heptachlor
epoxide at average concentrations of 0.5 and 13 ppb, respectively, with
a 62% frequency of occurrence [29]. The average concentrations of
heptachlor epoxide among the whole milk and milkfat of native:
Canadians were 0.2 and 11 ppb, respectively, with a 61% frequency of
occurrence [29]. The average concentrations of heptachlor epoxide among
the whole milk of Canadians during 1967, 1970, 1975 and 1982 were 3,
4, 1 and trace quantities for 147, 90, 100 and 210 samples, respectively
(104]. Comparisons of heptachlor epoxide concentrations in breast milk
among residents of the United States, Canada and West Germany showed
respective average values of 55, 15 and 8 ng/g of milkfat [104].
Heptachlor epoxide was found in human milk on a fat basis at a
concentration of 0.03 ppm [122]. Food by way of food chain is believed
to have been the source [122]. PLACENTA: Heptachlor and heptachlor
epoxide combined were found in 2 of 4 human placentas of mothers in
Iraq at concentrations of 0.015 and 0.028 mg/kg [2]. ADIPOSE TISSUE:
Of the 681 to 683 samples of human adipose tissue collected from the
general population via the National Human Adipose Tissue Survey of
Fiscal Year 1976, 94.6% samplés were positive with the geometric mean
and max values of 0.11 and 3.26 ppb on a lipid basis, respectively (87].
This mean level was the same as the one observed for the survey
conducted from 1970 through 1974 (86]. Results were very different in

. the National Human Adipose Tissue Survey of Fiscal Year 1982. Of the

46 composite samples analyzed, 67% had detectable levels of heptachlor
epoxide of which 19 had trace levels, 3 exceeded 100 ppb, and the
maximum was 310 ppb on a lipid basis [128]."Small surveys of adipose

- tissue from residents of a heavily agricultural area of northeast Louisiana -

resulted in geometrical mean heptachlor epoxide residues of 200 and 150
ppb in 1980 and 1984, respectively {73]. Mean residues of heptachlor
epoxide in human adipose ussue from Ottawa and Kingston, Ontario
were 37 and 35 ppb, respectively [90]. In a similar vein, all 99 samples
of human adipose tissue obtained from 9 Canadian provinces contained
heptachlor epoxide at concentrations ranging from 4 to 404 ppb wet
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weight with a mean of 37 ppb {103]. The adipose tissue of 92 males and

49 females from 6 Ontario, Canada municipalities were analyzed for 28

organohalogen residues in 1984 [146]. The frequency of occurrence for
heptachlor epoxide in human adipose tissue from all 6 communities was
100% [146]. For Cornwall, Ontario, heptachlor epoxide was detected in
males and females at concentrations ranging from 6 to 39 ng/g and 3.3
to 39 ng/g with means of 17 and 16 ng/g, respectively, with an overall
mean of 16 ng/g [146]. For London, Ontario, heptachlor epoxide was
detected in males and females at concentrations ranging from 7.9 to 109
ng/g and 6.9 to 107 ng/g with means of 42 and 46 ng/g, respectively,
with an overall mean of 44 ng/g [146]. For St Catharines, Ontario,
heptachlor epoxide was detected in males and females at concentrations
ranging from 8.6 to 150 ng/g and 4.9 to 76 ng/g with means of 45 and
35 ng/g, respectively, with an overall mean of 42 ng/g [146]. For
Toronto, Ontario, heptachlor epoxide was detected in males and females
at concentrations ranging from 13 to 33 ng/g and 12 to 41 ng/g with both
means at 24 ng/g [146]. For Welland, Ontario, heptachlor epoxide was
detected in males and females at concentrations ranging from 2 to 84
ng/g and 8.6 to 50 ng/g with means of 23 and 25 ng/g, respectively, with
an overall mean of 24 ng/g [146]. For Windsor, Ontario, heptachlor
epoxide was detected in males and females at concentrations ranging
from 6.5 to 103 ng/g and 8.4 to 100 ng/g with means of 34 and 36 ng/g,
respectively, with an overall mean of 35 ng/g [146]. For all six Ontario
communities combined, heptachlor epoxide was detected in males and
females at concentrations ranging from 2 to 150 ng/g and 3 to 107 ng/g
with both means and an overall mean of 33 ng/g [146]. Gas
chromatographic analysis indicated an accumulation of organochlorine
and PCB insecticides in the adipose tissue of population of Zaire with an
average concentration of heptachlor epoxide of 101 ppb [138]. In 1986
to 1987, heptachlor epoxide was detected in all 13 samples of adipose
tissue each collected among residents of Osaka Prefecture, Nara
Prefecture and Okinawa Prefecture, Japan at average concentrations of
24, 25 and 72 ppb on a fat basis [8§1]. SERUM: Only 1.1% of the 567
Florida citrus workers surveyed had more than trace quantities of
heptachlor epoxide in their serum compared with 3.9% of people in the
National Health and Nutrition Examination Survey (NHANES, 4585
samples) [64]. Mean serum residues in the respective surveys were 2.2
and 2.4 ppb [64]. In the NHANES II survey of 1976 to 1980, about 2.5%
of the population between 12 and 74 years of age in the Northeast,
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Midwest, and South regions contained heptachlor epoxide in their serum
[106). The median level for quantifiable positives was 1.4 ppb [106].
About 21% of the serum samples from 8 pesticide formulators contained
heptachlor epoxide at a mean concentration of 10.9 ppb, while none of
the samples from the 4 farmers and 16 members of the control group
contained the chemical [130]. A 1984 to 1985 study was performed in
Jerusalem, Israel, which compared heptachlor epoxide levels in the serum
of infertile males to a control group [113]. Twenty-nine infertile males,
between the ages of 25 and 45, with an average age of about 31.5 years,
contained heptachlor epoxide at concentrations ranging from 7.0 to 21.7
ng/g with respective mean and median concentrations of 11.64 and 11.9
ng/g [113]. The control  group, which was composed of 14 randomly
selected males between the ages of 26 to 42 with an average age of about
32.9 years, contained heptachlor epoxide at concentrations ranging from
3.0 to 15.8 ng/g with respective mean and median concentrations of 8.31
and 7.4 ng/g [113].
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© SMOKEY MOUNTAIN SMELTERS
KNOXVILLE, TENNESSEE 37920
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CERTIFICATE OF ANALYSIS

Waste Management Inc,, Knoxville . September 24, 1990 . -
P.O- BOX 12209 -
Knoxville, TN 37912

ATTN: Larry Tackett

Job Number: WMIK 46378 P.0. Number: NA

This 1s the Certificate of Analysis for the following ;ample:

Client Project ID: Smokey Mtn, Smelters
Date Received by Lab: 08/13/90 '
Number of Samples: One (1)

Sample Type: Solid

 METALS ANALYSIS |
Results in mg/liter (ppm) 1n the extract

Client Sample ID: Method Blank/TCLP Blank Smokey Mtn. Smelters
Lab Sample 1D: PBEQQ4S - LLB296
arsenic 0.03 U - 0.42

barium 0.002 U 0.72

cadmium 0.005 U 0.005 U
chromium . 0.01 U 0.38

1ead 0.03 U 0.03 U
mercury 0.001 U 0.001 0
selenfum 0.06 U 0.06 U
silver . 0.005 U 0.005 U

U - Comp?und was analyzed for but not detected. The iumber {s the detection Timit for the
sample, .

Date Extracted: 08/23/90 Date Digested: 09/02/9)
Date Analyzed: 09/13/90 (ICP); 08/27/90 (CVAA)

Sample extracted in accordance with the, "Toxicity Characteristic Leaching
Procedure," Federal Register, Val. 55, No. 61, pp., 11363-11875.

Reviewed and Approved:

P lbtter
yceMoare
Labaratory Manager

American Councl! ot Independent Lat oralories
Intarnational Association of Environmental Te¢ Ing laboratories
American Association {or Laboraiory Ac :reditation

e feim et Camrimne K814 MiAATahtank Pike Knoxville. TN 37921 . .81-1-89




SENT BY:IT ANALYTICAL ;5 9-24-5@ 4:22PM ; .

61558686481
. I ATmCAL mg?
~ Waste Management Inc., Knoxville = -
~ September 24, 1990 KNOXVILLE, TN -
CTfent:Project ID: Smokey Mtn. Smelters Job Number: - NMIK 46378

CLASSICAL PARAMETERS ANALY!IS
Results in mg/kg (ppm) unless otheriise stated

Sample Matrix: Solid

Smokey M:n.

Client Sample ID: Smelter; Ana1y§15555
Lab Sample ID: _ LL5296 Date. "~
pH (standard units) 8,05 08/17/90
% Solids (%) | 98.5 08/17/90

Filter Paint Tést No Free Liquids 08/17/90

Specific Gravity 2.300 08/17/90

U - Compound was analyzed for but not detected. The wmber is the detection limit for the
sample. '




SENT BY:IT ANALYTICAL

; S-24-99  4:23PM ; s

6155886401 | 5735
Waste Management Inc. Knoxvi‘lle | ﬁﬁn&yg&%gglvgg |
September 24, 1990 KNOXVILLB TN -
: CIient;PrOJeCt I0: Smokey Mtn. Smelters Job Number. WMIK 46378

REACTIVITY, AS CYANIDE AND SU.FIDE
Results in mg/kg (ppm)

Sample Matrix: Seolid

Smokey Mtn.

Client Sample 1D: . Method Blank ~ Smelters . Analysis
Lab Sample ID: P1434/P1420 LLE296  _ Date
Cyanide 05U 0.6 U 08/21/90

Sulfide 80 U, 80 U 08/15/90

U~ Comp?und was analyzed for but not detected. The wmber {s the detection 1imit for the
sample. : . -

[TT 2




H

SENT BY:IT ANALYTICAL. } 9-24-9g

4:23PM 6155886401~ : 6155739546-#‘5
| w;ste Mana.'gement Inc., Knoxville | ggﬁ?ﬁ%ﬁ%
September 24, 1990 ENOXVILLE, TN .
cfient éroject'ID: Smokey Mtn. Smelters Job Numberva HMIK 46378

m.w

TCLP VOLATILE COMPOUNDS
Results 1n ug/liter (ppb) in the extract

Sample Matrix: Solid

Client Sample ID: Method Blank
Lab Sample ID: EBO304

Compound

—

. acrylonitrile
e benzene _

' carbon disulfide
carbon tetrachloride
c¢hlorobenzene
chloroform
1,2-dichloroethane
1,1-dichloroethene
isobutanol 2,00
methylene c¢hloride
methyl ethyl ketone
1,1,1,2-tetrach}oroethane
1,1,2,2-tetrachlorocethane
tetrachloroethene
toluene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
vinyl chloride

- - .
SOOI MIONOTINHTITOITOTOLO
CCCcCccccaaacucaacacacocc

-

U - Compound was analyzed for but not detected. The 1wumber is the detection limit

for the sample.
J - Indicates an estimated value less than the detection limit.

Date Analyzed: 09/04/90Q

Sample extracted in accordance with the, "Toxicity Claracteristic Leaching
Procedure,” Federal Register, Vol, 55, No., 61, pp. 11863-11875..




SENT BY:IT ANALYTICAL

5 9-24-9p q:24PM

Waste Management Inc,, Knoxville

September 24, 1990
Client Project ID:

Smokey Mtn. Smelters

6155886401

»n

' Job Number-i

) 5155739545.n &
rr1u¢A1311cuu;sznv1czs

5815 MIDDLEBROOK PIKE
lﬂNCﬂfVTLLB T!l

WHIK 46378

Cliant Sample 1D:
Lab Sample ID:

U - Compound was analyzed for but not detected.
for the sampla.

TCLP VOLATILE COMPOUNDS

Results in ug/liter (ppb) in the extract

Sample Matrix:

TCLP B]ank
C0056

Compaund

acrylonitrite

benzene

carbon disulfide

carbon tetrachloride
chlorabenzene

chloroform
1,2-dichloroethane
1,1-dichloroethene
isobutanol

methylene chloride

methyl ethyl Ketone
1,1,1,2-tetrachloroethane -
1,1,2,2-tetrachlorsethane
tetrachloroethene

toluene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene

vinyl chloride

Salid

—

2,00

)

—

Jd - Indicates an estimated value less than the detection Timit.

TCLP Extracted:
Date Analyzed:

08/28/80
09/04/30

cCoccCcccoocc aacccaccacccocc

The tumber is the detection'iimit

Sample extracted in accordance with the, "Toxicity Claracteristic Leaching

Prchdure," Federal Register, Vol,.

55, No. 61, pp. 1:863~11875,

(3 AR




SENT BY:IT ANALYTICAL

} 9-24-98  4:24pM

Waste Management Inc,, Knoxville

September 24, 1990
Client 'Project ID:

Smokey Mtn. Smelters

6155886401+

| ~.-;-;‘ss¢3§_5;4'5'_;'_,, .
5815 MIDDLEBROOK PIKE
KNOXVILLE, TN

. Job Number; 'HMIKf46378]

Client Sample ID:
Lab Sample 1D:

TCLP VOLATILE COMPOUNDS

Results 1n ug/liter (ppb) 1n the extract

Sample Matrix: Solid

Smokey Mtn. Smelters
LL5296 '

Compound

acrylonitrile

benzene

carbon disulfide

carbon tetrachloride
chlorobenzene

¢hloroform
1,2-dichloroethane
1,1-dichloroethene
isobutanol

methylene chloride

methyl ethyl ketone
1,1,1,2-tetrachlorcethane
1,1,2,2-tetrachloroethane
tetrachloroethene

toluene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene

vinyl chloride

—

2,00

-

[y

ONMNCITOMOOOTUNE-<« = ONOINITOI~NDIO
ccCcce ccae Lhccctboca oo

U - Compound was analyzed for but not detected. The iwmber 1s“the detection limit

for the sample.

J - Indicates an estimated value less than the detectlon limit.

TCLP Extracted:
Date Analyzed:

08/28/90
09/04/90

Sample extracted in accordance with the, "Toxicity Craracteristic Leaching
Procedure," Federal Register, Vol. 55, No. 61, pp. 11863-11875.
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; 9-24-98  4q:zsPM 61558864014 .
Waste Management Inc¢., Knoxvilie | | ﬁﬁﬁ?&%&%ﬂ?ﬁg
September 24, 1990 N - ENOXVILLE, TN ~ .~
Clfent Project 10: Smokey Mtn. Smelters ' ' Job Number:"'HMIk’46378:

WATER SURROGATE PERCENT RECOVERY SUMMARY

' ToTuene-D8 BFEVOLATH EI,T Dichloroethane-D4
Sample No. - (88-110%)* (86-115%)* _ (76-114%)*_ '_ 
Method Blank 93 92 g7 i
TCLP Blank 87 88 83
Smokay Mtn. Smelters 87 89 86

* - Values 1n parenthesis represent USEPA contract reuired QC limits.

882-1:t




SENT BY:!IT aNALYTICAL ;5 9-24-909

4:25PM ; 6155886401 _;Hgfggég73§§;6:ﬂ s
Waste Management Inc., Knoxville gfﬁﬁ%ﬁ%@&?&
September 24, 1990 | KNOXVILLE, TN - R
C1ient;Prdject ID: Smokey Mtn. Smelters Job Number: WMIK 46378

TCLP SEMIVOLATILE COMPOUNIS
Results in ug/Iiter (ppb) in tha extract

Sample Matrix: Solid

Client Sample ID: Method Blank

Lab Sample ID: BLA1580

Compound

bis{2-chloroethyl)ether 10U
o-crasol ou
m-crasol 10U
p-cresol 104
1,2-dichlorobenzene 10U
1,4=dichlorobenzene 0V
2,4-dinftrotoluene 10 U
hexachlorobenzene 10U
hexachlorobutadiene 10U
hexachloroethane 10 U
nitrobenzene o
pentachlorophenol 50 U
phenol - 10U
pyridine 100 U
2,3,4,6-tetrachloropheno) 10U
2,4,5-trichlorophenol 50 U
2,4 ,6-trichlorophenol o 10U

U - Compound was analyzed for but not detected, The number is the detection Tlimit

for the sample.
J - Indicates an estimated value less than the detection limit,

TCLP Extracted: 08/23/90
Date Extracted: 08/23/30
Date Analyzed: 08/27 - 09/04/3Q

Sample extracted in accordance with the, "Toxicity Ciaracteristic Leaching
Procedure," Federal Register, Vol. 55, No. 61, pp. 1.863-11875.

882-1+




SENT BY:IT ANALYTICAL

; 9-24-98  4:26PM ;

Waste Management Inc,, Knoxville

September 24, 1990
Client' Prdject ID:

Smokey Mtn. Smelters

61 5588640 15

Jo

T ANALPTICAL SEBVASES

6815 MIDDLEBROCK PIKE

KEICECVUIJJB TTJ

b Number" HMIK 46378

TCLP SEMIVOLATILE COMPOUNI'S

Results in pg/liter {ppb) in the extract

Sample Matrix:

Client Sample ID: TCLP Blank
Lab Sample ID: EQ040

Compound

bis(2 -ch1oroethy1)ether
o-crasol

macresol

p-cresol
1,2-dichlorabenzene
1,4-dichlorobenzene

| 2,4-dinitratoluene

U = Compound was analyzed for but not detacted.

for the sample,

nexachlorobenzene
hexachlorobutadiene
hexachloroethane
nitrobenzene
pentachloropnenol
phenol

pyridine

2,3,4,6- tetrachlorcphenoI

2,4, 5-tr1chlorophenol
2.4,6-tr1chlorophenol

Solid

10
10
10
10
10
10
10
10
10
10
10
50
10
100
10
50
10

The jumber is

J - Indicates an estimated value less than the detect on Timit.

TCLP Extracted: 08/23/90
Date Extracted: 08/23/90
Date Analyzed: 08/27 - 09/04/90

Sample extracted in accordance with the, "Toxicity Ch.racteristic Leaching

Procedure," Federa)

Register, Vol. 55, No. 61,

pp. 111 63-11875.

coCcCcacacocacacaccocacacaa

the detection. limit

682-1-89




‘_. . ’ n
SENT BY:IT aNALYTICAL ; 9-24-99  4:26PM ; 6155886401 e 6155739546,#11

- Sl
-Waste Management Inc., Knoxville LEBR oxrm:
' September 24, 1990 ENOXVILLE, TN -

Client' Project ID: Smokey Mtn. Smelters Job Number._~NMIK.46378

TCLP SEMIVOLATILE COMPOUN.S

Results 1n ug/liter (ppb) in the extract
| Sample Matrix: .Solid

-Client Sample ID: Smokey Mtn, Smelters
Lab Sample 1ID: LL5296

Compound

bis(2-chloroethyl)ether 10 U
0=cresol 10U
m-cresol . 10U
p=cresol 10 U
1,2-dichlorobenzene : 10U
1,4-dichlorobenzene 10U
2,4-dinitrotoluene 10U
hexachlarobenzene 10V
hexachlorobutadiene 10U
hexachloroethane 10 u
nitrobenzene 10U
pentachlorophenol 50 U
phenol 10U
pyridine 100 U
2,3,4,6=-tetrachlorophenol 10U
2,4,5-trichiorophenol 50 U
2,4,6-trichloropheno] 10U

U - Compound was analyzed for but not detected. The iwmber is the detection limit

for the sample.
J - Indicates an estimated value less than the detect on 11m1t.

TCLP Extracted. 08/23/90

Date Extracted: 08/23/90

Date Analyzed: 08/27 - 09/04/90

Sample extracted in accordance with the, "Toxicity Chairacteristic Leaching
Procedure," Federal Register, Vol. 55, No. 61, pp. 11363-11875.

10

632180



.SENT BY:IT ANALYTICAL } 9-24-98  4:27PM ; s1stessaats

' e
Wasta Management Inc., Knoxville 6 D ROOKPIIE
September. 24, 1990 ENOXVILLE, TN . .
Client Project ID: Smokey Mtn. Smelters Job Number:. WMIK 46378

» [ .

WATER SURRQOGATE PERCENT RECQVER '~ SUMMARY

SEMI-VOLAT .LE

5786

Nitro- 2-Fluoro- Terphenyl- 2-Fluoro-. Tribromoe-
Benzene-D5  Biphenyl D14 Pr2anol-D5 Phenol ~ Phenol

Sample No. (35-114%)* (43-116%)* (33-141%)* (1)-94%)* (21-100%)*.. (10-123%)*

TCLP Blank 80 74 86 30 55 - - 94
Smokey Mtn,
Smelters 73 62 87 15 28 63

Method Blank 76 77 88 K10 R 49 .91

* . Values in parenthesis represent USEPA contract rejuired QC limits.

11

82-1-89




”

SSENT BY:IT aNALYTICAL ; 9-24-9p 4:27PM ; 6155886401-) |

Waste Management Inc., Knoxville 81 Ox Dm
September 24, 1990 KNOXVILLE TN
Client Project 1D: Smokey Mtn., Smelters Job Number" HMIK 46378

Ty .

TCLP PESTICIDES AND HERBICID:S
Results in mg/liter (ppm) in the extract

Sample Matrix: Solid

Smokay Mtn.

Client Sample ID: TCLP Blank Smelters TCLP Blank -~ Method:Blank
Lab Sample ID: E0042 LL5296 _E0041  BLA1596/BLA1582
lindane 0.0001 U 0.0001 U 0.0001 U 0.0001 U
endrin 0.0001 U 0.0001 U 0.0001 U 0.0001 U
heptachlor 0.0001 U - 0.0001 U 0.0001 U 0.0001 U
heptachlor epoxide 0.0001 U 0.0001 U 0.0001 U 0.0001 V
methoxychlor ©0.0001U  0.0001 U 0.0001 U 0.0001 U
chlordane 0.0004 U 0.0004 U 0.0004 U 0.0004 U
toxaphene 0.0004 U - 0.0004 U 0.0004 U 0.0004 U
2,4-D 0.0002 U 0.0003 U* 0.0002 U 0.0002 U

u 0.0001 U

2,4,5-TP (S1lvex) 0.0001 U 0.0002 u* 0.0001

U - Compound was analyzed for but not detected. The number 1s the detection limit

for the sample.
* - Higher detection limit due to matrix interferencis.

Sample extracted in accordance with the, "Toxicity Ciaracteristic Leaching
Procedure," Federal Register, Vol. 55, No. 61, pp. 1.863-11875.

TCLP Extracted: 08/23/90

Date Extracted: 08/27/90
Date Analyzed: 08/31 and 09/10/90

12



"

" 3ENT BY:IT ANALYTICAL ; 9-24-98  4:ZEPM ; 6155686481 "6155739546:; #14

G/ IL R, HUTCHEN® U VELMA M, RUSSELL

HARRY W. GALBRAITN, PKH.D : KENNKTH 8. WOODS
EXEC! TIVE VIGN. PREBIDENT llllll‘AlWTﬂu‘_Ulll

QHAIRMAN OF THR ROARD PAZSIDENT

GALBRAITH
Laborak miea, e,

QUANTITATIVE MICROANA .YSES ' S
2323 8YCAMORE DR.

F.O.BOX %1810 ORGANIC = INORGANIC
KNOXVILLE, TN 27980-1610 015/546-1335 KNOXVILLE, TN 37831-1780
Ms. Kim Laisy _ : August 17, 1990

IT Corporation
5815 Middlebrook Pike o :
* Knoxville, Tennessee 37921 Received: Aug. 13th
' Proj.#::WMIK46378 -
PO#:532118° - -

Dear Ms. Laisy:

Analysis of your compound gave the following results

Your #, Our #, Flash Pbint(Tag Closed Cip), - Date Analyzed & Prepped,
LL5297 N-0588 No flash below 145°F 8/14/90 |

Smokey Mtn. Smelters
Test flame extinguished above 87°F, had a halo at all temperatures.

Sincerely yours,
GALBRAITH LABORATORIES, INC.

Gall R. Hutchens,
Exec. Vice-President

GRH:ew

ETTERAND SHIPMENTS BY U.S, MAIL « P,O, BOX 81810, KNOXVILLE, TN 37810-1610, OCTHER & \RRIERS - 323 SYCAMORE DR. KNOXVILLE, TN 37921-1780




" Permit Applicétion "

KCDAPC. 1980. Permit Application, Form APC-1. Received by the Knox County
Department of Air Pollution Control, filed by Dan E. Johnson, President,
Smokey Mountain Smelters, Inc. November 7.

SMOKEY MOUNTAIN SMELTERS
KNOXVILLE, TENNESSEE 37920
U.S. EPA # TN0002318277

TSDF #47-559




PERMIT APPLICATION

G. RAL INFORMATION

(PLEASE TYPE OR PRINT)

1. BUSINESS LICENSE NAME OF CORPORATION, COMPANY
INDIVIDUAL OWNER OR COVERNMENTAL AGENCY UNDER ~
WHICH APPLICATION IS SUBMITTED: ‘s

SMOKEX MousTAIN SHELTERS, TNC,

2. MAILING ADDRESS PrOl BO)( 2704
KuedViLE, T 3130]

Kdifg ZiP CODE

3. ADDRESS AT WHICH SOURCE IS TO BE OPERATED:

DO NOT WRITE IN THIS SPACE
FACILITY Numser  /0/S71 /4

v umm L2208 1Y
NS UM /3/9/7/8/. LU
REVIEWER (E/0S

DATE (v&2E8 |

M%Mumx_Mg_

4. TYPE OF ORGANIZATION:

CORPORATION [m/

PARTNERSHIP

5. BRIEF DESCRIPTION OF OPERATIUN AT THIS. ADDRESS:

OPERATION)

UM\

0

GOVERNMENTAL AGENCY D

INDIVIDUAL

\J = HNELT) K

6. COST+OF AIR POLLUTION CONTROL EQUIPMENT:

7. PRESENT STATUS OF AIR CONTAMINANT SOURCE (CHECK AND COMPLETE APPLICABLE ITEMS)

[ ] peemit 10 construct ReQuEsTED
@‘PERMIT TO OPERATE REQUESTED

AIR CONTAMINANT SOURCES HAVE NOT BEEN
ALTERED

EST, STARTING DATE EST. COMPLETION D

8.

DATE OF APPLICATION

H-1-Ro

?. TYRE OR PRINT NAME AND OFFICIAL TITLE OF PERSON
SIGNING THIS APPLICATION

NAME IM E,. ,bﬂ N&
TITLE EE;, \DEQ:] '

rone(Q %) 517 -2986_




FORM APC-) (PAGE 2 C (REV)

FOR OFHICE USL ONLY

10, SOURCES PERMITTED 1 : ’-

SOURCE PERMIT NO.

Al i av Sm L[ fer |

05140 >

1n. TOTAL ACTUAL EMISSIONS (TONSAYR)

PARTICULATE HC
502 co
NO OTHER

x




" Facility Inspection Report
David Witherspoon, Inc.

Witherspoon and Johnson Dump "

- KCDAPC. 1983. Faéility Inspection Report, David Witherspoon, Inc. - Witherspoon

and Johnson Dump. Inspected by the Knox County Department of Air
Pollution Control, December 5.

SMOKEY MOUNTAIN SMELTERS
KNOXVILLE, TENNESSEE 37920
U.S. EPA # TN0002318277

TSDF #47-559




s e Ui
/)2l | it @
FACILITY INSPECTION REPORT e i/res

FACILITY /g X o1t pnsa DLW Lemp DATE-/Z[’M}

LOCATION /4% taeyplle Zifoe TIME 2:30 4.
- d
_NAME AND TITLE OF PERSON CONTACTED  a//A

PURPOSE OF INSPECTION A . Businy Comgloace
7= —7 7

COMMENTS:  Juepectin ,M?ASM 2 & wde W’f dicugp ¢ pppcmelen;
erlhaive e S ftan! Ao i Sty itiptheg B oot

W |
: . & Law Dot (Jodp Catic
boconwed WoU K Source; copy B 7 :
' a%(ﬁ« roewo w | JC, drcdeern, o r-O.cc-La B o L) cdte Towre
T SN C»v e )’}"-Ju) ff'-:_\-ﬂ.' Lo

INSPECTOR /el ). Johood T
T_’/‘f"’”‘- A